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|. Funding Opportunity Description

A. Backgroundand Context
The Office of Energy Efficiency and Renewable Energy (EERE) is issuing, on behalf of
the Hydrogen and Fuel Cell Technologies Office (HFTO), Funding Opportunity
Announcement (FOA) EFEDA0002446. The activities supported by this FOA are
authorized under théenergy Policy Act of 2005 (EPACT 2005) Public LaB8109
(Aug. 5, 2005), Title VHHYDROGEN, Sections 801 to 816. These provisions are
found in the United States Code at 42 U.S.C. 88 16151 to 16165. Title VIII authorizes
the Secretary of Energy to comect a program of research, development and
demonstration on technologies relating to the production, purification, distribution,
storage, and use of hydrogen energy, fuel cells, and related infrastructure.

I.  Background and Purpose

Hydrogen and fuel callrepresent a growing industry wigiotential to enable
energyresiliency, energy security, emission reductions and economic growth. In
recent years, the industry has delivered thousands of fuel cells across the U.S. for
use in limited stationary and trapsrtation applications; today, an expansion to
heavyduty applications is taking shape, with potential new hydrogee

markets including trucks, marine vessels, rail, data centers, and the expanded
industrial use of hydrogen in chemicals synthesis, me&dising, energy storage

and grid integration.

CKAAd Ch! adzlJLl2NIa NBASIH NOKHI@BGE-RS @3St 2 LIY
DOE initiativeo achieve large scalgrodudion, storage,transport, and

utilization ofhydrogen across multiple sectotSupporty 3 9 9 w9 Q& 02 NB LI
of energy affordability, integration and storage, H2@ Scas¢earch,

development and demonstratioRD&D aims to advance the adoption of

hydrogen and fuel cell technologies in integrated energy systems akegss

applications thaprovide a value proposition as well as reduce emissions.

However, a number of challenges remain includingt, performance, durability,
manufacturing and scalep issues and developing integrated systems that

demonstrate the unique technical, econonaind environmental benefits of

hydrogen and fuel cells.

To address these challenges, HFTO supports a comprehensive RD&D portfolio
addressingnaterials, component and systemdevelR&D orhydrogen and fuel

cell technologiege.g., MWscale electrolyzerduel cells for heavduty
transportation apgications, hydrogen delivery and fuelimnfrastructure, among
others) and technology acceleration efforts addressing fofsa-kind

1 https://www.energy.gov/eere/fuelcells/h2scale
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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demonstrations of integrated energystemsas well as manufacturing
innovations andsafety codes and standarddFTO RD&D relies heavily on
collaborations among various industry and university stakeholders and the
national laboratoriesincluding through HF F@anaged consortia

This year, HFTO launched two majoHaborative research initiatives leveraging
world-class expertise and stata-the-art equipment at the national

laboratories: theMillion Mile Fuel Cell TruckFCT) consortium and the

H2NEW consortiurhUnder each consortium, DOE national laboratoges

working togethern cuttingedgeR&D and collaboraihgwith the hydrogen and

fuel cell communities to identify innovative ways to make hydrogen and fuel cell
G§SOKy2t23ASa Y2NB TF2NRIo6fS yR 0O2YLIS
consortiumis planned a$50 million oveffive years along with a similar level for

industry and university FOA®, advance progress in specific hydrogen

production and fuel cell B&D areas:

1 M2FCTincludes Los Alamos and Lawrence Berkeley National Laboratories as
co-leads, andocuses on fuel cell durability, performance, and cost to better
position fuel cell trucks as a viable option in the ldrapl trucking market.

1 H2NEWncludes National Renewable Energy Laboratory and Idaho National
Laboratory as cteads, and focuses dR&D to enable affordable, durable
and efficient largescale electrolyzers, which produce hydrogen from
electricity and water (at both high and low temperatures).

ThisHFTO FY21 RD&D R@il provide morethan $33,500,000n Federal funding
for topics degined to supplement the current HFTO RD&D portfolio in the
advancement of hydrogen and fuel cell technologies, with an emphasis on
incentivizing collaborative progress among industry, university and national
laboratory stakeholders, including coordinationtlwthe M2FCT and H2NEW
Consotia. This FOAncludes the followindour areas of BD:

1) Fuel Cell R&D for Heaxljuty Applications

Thistopicincludestwo focus areas to reduce the cost and enhance the durability
and performance oPolymer Electrolytdlembrane PEM) fuel cell stacks for heavy
duty applicationsEfforts in both areas are to mordinated with the Million Mile
Fuel Cell Truck consortiuffihe firstresearchareasupports development dbipolar
plates with a focus on innovative, legost materials with high corrosion resistance
and minimal degradationThe second research aredegused on the development
of air management components and subsystemsargeroved reliability and lower
overall heavy duty fuel cell system costs.

2 https://www.energy.gov/articles/d@-announcesnew-lab-consortiaadvancehydrogenandfuel-celtrd
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2) Efficientand Innovative Hydrogen Production

Thistopicincludestwo focus areas aimed at developing sustainajgeeration
technologies to enable lowost productionof clean hydrogemt largescale.The

first area, carried out in collaboration withh 9 Qa | Rablfatt@iSgROffice
(AMO) focuses on increasirte production volume of advanced components,
stacks, suksystems, and systems for muliW-scale higitemperature electrolyzers
to lower hydrogen production cost$his would be coordinated with the H2ZNEW
consortium. The second focus area supports technology development which enables
low costhydrogen production visvaste and biomass conversidResearch
approaches in this areaclude microbial conversion technologies viable at large or
distributed/communty scaleswith development oihovelsystems to bring down
cost, improve yield, and enable scaip.

3) Highflow Fueling Applications

Thistopicincludestwo focus areas for development of novel hydrogen fueling
technologies and processes that can irage hydrogen dispensing ratesfaxilitate
rapid fueling oheavyduty vehiclesThe firstfocusarea supportdow-cost, reliable,
domestically supplied hydrogen fueling station components to enable-flogh
hydrogen fueling of heavgluty trucks.The seond focus areasupportsR&D
necessary talevelopa highflow gaseous fuelingnodel and ultimately a standard
protocolwhich can achieve targeted fill rates.

4) Cost Analysis for Fuel Cells, Hydrogen Production, and Hydrogen Storage

This topidncludesthree focus areas for the development of a comprehensive set of
cost analyses involving all aspects of hydrogen and fuel cell technologies. Projects
would define the current statef-the-art in keyareas, develop and refine system
configurations and desig, provide guidance on R&D gaps, and help to direct future
R&D prioritiesn fuel cell, hydrogen productigrand hydrogen storag&chnobgies

EERE will have substantial involvement in work performed under the awards made
as a result of this FOA. EERIEs not limit its involvement to the administrative
requirements of tle awards. Instead, EERE will maintairolvement in the direction
and redirection of the technical aspects of the projects. EERE anticipates-tvands
participation and involvement irhe projects, including those expected to
collaborate with labbased consortia. See Section VI.B.ix, Statement of Substantial
Involvement, for more details.
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Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Topic Area 1: Fuel Cell R&D for Heddyty Applications

Hydrogenfueled polymer electrolyte memiane fuel cells (PEMFGsE an attractive

technology to power multiple applications, particularly zenmission heawguty vehicles for

on road (trucks and buses), as well as marine, rail, anbaff (e.g., mining and construction)
applications. Thegffer several advantages ovielcumbent technologies such as diesel engjnes
including higher efficiency, reduced emissions, higher torque, and no noise pollution.
Additionally, they offer fast fueling and adequate fuel storage for applications demanding
longer range.

Regardless of application, it is critical to provide a competitive total cost of ownership
considering capital, fuel costs, and lifetime. High fuel cell system durability, while ensuring cost
competitiveness with incumbent and advanced altermatpowertrains, is essential to amortize
capital costs over a longer lifetime. For example, long haul trucks require a lifetime of over 1
million miles and 25,000 operation houfignificantly longer vehicle lifetimes and range
requirements also mean thdtydrogen fuel costs comprise a greater proportion of vehicle
lifecycle cost. As such, increased fuel cell efficiency is a key parameter for economic \Adbility.
the same time, fuel cell components and systems need to beamspetitive with incumbent

and advanced alternative powertrains.

The DOE has set targets for lamaul class 8 fuel cell trucks at 25,000 hour lifetime, 68% peak
efficiency, and $80/k\A fuel cell system cost by 2030To meet these targets, advances are
required for fuel cell stac&knd balanceof-plant components and their associated manufacturing
technologies and processes.

To expedite fuel cell competitiveness, the DOE launched the Million Mile Fuel Cell Truck
consortium (MFC7, which includes number of national laboratories thi demonstrated
leadership in the topic are partnership with universities and industry to accelerate research
and development (R&D) that would enable meeting a fuel cell durability of a million miles and
other relevant targetd The MFCT crosdisciplnary national lab core tearserves as a

resource for industry and the research community. Applications selected in this Topic are
expected to partner with NFCT.

This Topic Area includes two subtopics to advance fuel cells for oy yapplications.
Subtopic 1AlLowCost, Durable Bipolar Plaj)g®cuses on the development of lesost, reliable
and durable bipolar plates; Subtopic 1Bnpvative, LowCost Air Management Components)
focuses on the development of air management components and subsy&erasver cost

3l o{ d® 5SLI NIYSyild 2F 9ySNHee al @RNR3ASy /ftlaa y [2y3 | | dzf
https://www.hydrogen.energy.qov/pdfs/19006 hydrogen_class8 long_haul_truck targets.pdf
4 Million Mile Fuel Cell Truck @ACT) consortium announcement, October 8, 2020:
https://www.energy.gov/eere/articles/dodaunchestwo-consortiaadvancefuel-celttruck-and-electrolyzerrd
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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per awardare given below

Anticipated Funding and Award Details

Topic Area Total Anticipated Federal Max. Project Min Required
Funding Number of Funding per Duration Non-Federal

Level Awards Award (years) Cost Share %

Subtbpic 1A: Fuel Cell R&D for Heay $4M 2to 4 $1-2M 3 20%
Duty Applicationsg Low-Cost,
Durable Bipolar Plates

Subbpic 1B: Fuel Cell R&D for Heay $4M 2to4 $1-2M 3 20%
Duty Applicationsc Innovative, Low
Cost Air Management Components

Total: Up to 4108
$8M

* The funding requested should be commensurate with the level of work proposed. While the maximum per award is $2M for
Topics 1A andB, smaller more focused projects (~$1M/project) that advance existing/most promising concepts are also
encouraged.

Subtopic 1A: Fuel Cell R&D for Heavuty Applicationsc Low-Cost, Durable
Bipolar Plates

Subtopic 1A Introduction/Background:

Bipolarplates play an important role in fuel cell performance through reactant distribution,
water management, and the collection of the electric current produced. Bipolar plates are
projected to be the second most expensive PEMFC stack component in-spagggiems using
state-of-the-art technology? Metallic and carbofbased (carbon composites and flexible
graphite) bipolar plates are both potential options for transportation fuel cells. Metallic plates
enable high power densities, but are susceptible to caamswhich can be mitigated either
through expensive base metals (e.qg., titanium) or through a corragsistant coating applied

to a less expensive base metal (e.g., gmdted stainless steel). Carbbased plates offer low
materials cost, negligibleorrosion, and advantages in formability, but currently have lower
strength and must be thicker than metal plates, resulting in lower stack power density. In

5Brian D. James, Jennie M. Hiy2 dzZ RA2X /| aadAR& | 2dz0OKAyaz 5FyASt | o
of DirectHHt 9a CdzSf / Stf {eaidiSvya F2NJ ¢NIyaLR2NIlIGA2y | LIL3X
December 208&: https://www.energy.go//sites/prod/files/2020/02/f71/fcto-sa2018transportationfuel-cellcost
analysis?.pdf

Questions about this FOASRbmit your questions through EPIQtps://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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addition, manufacturing processes for both metal and carbased plates, including forming
and janing haltplates, are also costly and time consuming.

Subtopic 1A Description/Objective:

This subtopic solicits applications that, in coordination with M¥&CTconsortium, will develop
innovative bipolar plates to reduce the cost and enhancedbeability and performance of
PEM fuel cell stacks for heasyty applicationsThe Subtopic targetgitical advances in
bipolar plates to enable substantial progress towards meeting 2030 system leveldhaigvy
truck targets of 25,000 hour durability as80/kW system cost. Both metallic and carbon
based materials are of interest. R&D needs for both approaches have been identified with
industry, university, and national laboratory expert stakeholder irfput.

Metallic bipolar plate materials prioritiesétude improving the forming limit of the substrate
materials and developing robust coating materials to mitigate base metal leaching and enable a
pre-forming deposition process, as well as improving material forming limits to enable flow

field fabricationfor enhanced performance. Of interest are coating deposition processes that
improve durability by improving chemical stability, provide getitection from
corrosion/degradation at coating defect areas, and mitigate the introduction of defects (such as
cracks or delamination) during the stamping process. Processes that reduce cost by minimizing
or eliminating the use of precious metals and allowing for the use ofclost base metals, or
improving amenability to higthroughput manufacturing process aresalof interest.

For carbon composite plates, R&D priorities include the development of high throughput
production processes (forming, sealing, curing, gluing and cutting operations) and materials.
Higher strength materials and materials that improve therm@nductivity would be beneficial
and are also of interest.

Applications should focus on innovative, loast materials with high corrosion resistance and
minimal degradation to achieve lifetimes of 25,000 hours. More specifically:

w Development of lowcost, defectfree coatings for metal bipolar plates to
enable use of lovcost base metals, such as lgrade stainless steel and
aluminum, while improving durability through decreased base metal leaching

w Improved manufacturability of carbamased and metal polar plates to enable
high production rates and decrease costs

w Improved mechanical properties of plates to allow thinner plates and better
flow field formability to improve stack power density

Applicants should seek to significantly surpass the durglufiexisting stateof-the-art bipolar
plates by meeting 25,000 hours of durability suitable for hedwty applications while

8 https://publications.anl.gov/anlpubs/2017/11/137641.pdf
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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addressing bipolar plate targets listedTiablel. The applicant should discuss: the status of
GKSANI LINPLI2ZASR (SOKy2f238 Ay NBflFGA2Y G2
targets; the potential for their proposed approdsta (12 YSSG | oA LR |
projected at a manufacturing level suitable for 100,000 fuel cell stacks per year; how they will
assess bipolar plates for the durability requirements of hedwty applications, including the
25,000 hour lifetimearget.’
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iKS

Tablel: Bipolar Plate Targets

NJ LJ |

Characteristic Units 2030Targets
Cost? $/KWhet 5
Durability hrs 25,000
Plate weight Kg/KWhet <0.18
Plate H permeation coefficierit std cnt/(sec cni Pa) @8EC, 3 atm, <2x10°
10%RH
Corrosion anodé HA/cn? <1 anser;cl)( active
Corrosion, cathodé UA/cn? <1
Electrical conductivity S/lcm >100
Area specific resistanée ohm cn? <0.01
Flexural strength Mpa >40
Forming elongatiosd % 40

a. Costs projected to high volume producti¢l 00,000 systems per year).

b. Per the standard gas traport test (ASTM D1434).

c. At pH 3 0.1ppm HF, 80°C, peak active current <&l (potentiodynamic test at 0.1 mV/s).4V to

+0.6V (Ag/AgCl)), emerated with Ar purge.

d. At pH 3 0.1ppm HBP°C, passive current <5x38/cm? (potentiostatic test at +0.6V (Ag/AgCl) for >24h,
aerated solution.

e. Includes interfacial contact resistance (on as received and after potentiostatic test) measured both sides
per Wang, et al. J. Power Sources 11®@ 242251 at 200 psi (138 N/cth

f. Per ASTMD 79010 Standard Test Method for Flexural Properties of Unreinforced and Reinforced Plastics
and Electical Insulating Materials.

g. Per ASTM E8BIL Standard Test Methods for Tension Testing of MetMEdterials, or demonstrate
ability to stamp generic channel design with width, depth, and radius.

" Plans for accelerated stress testipigptocols for the appropriate duty cycles should be provided to denans
25,000 hour life.
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Selectedapplications will collaborate with RFCT where possible, including testing and utilizing
appropriate accelerated stress tests, as well as systesdeling efforts to assess the proposed
0§SOKy 2t 238 Qa -datyfldl célicostayd pdtfSrinadée.

The final deliverable for all applicants in this subtopicssteof 62 NJ Y2 NB LJ I 1 Sa o

25 cn?) for independent testing andvaluation ly the MPFCTA detailed assessment of the cost
and manufacturability of the bipolar plates, in coordination witRRZT, should be provided to
DOE at the end of the projedhpplicants that apply ahe upper end of the DOE funding range
should also perform testing of their bipolar plates as part dfed cellstackunder heavyduty
operatingconditionsspecified ly M?FCT.

Subtopic 1A Project Structure:

The maximum DOE funding for this subtopic is 84,000. Applicants should propose projects

up to 3 years in length for a total DOE funding of $1,000,000 to $2,000,000 for each project,
and the funding requested should be commensurate with the level of work proposed. EERE
intends to select 2 to 4 projestbased on available funds and proposed scope. Applications
should include the Technology Readiness Level (TRL). Smaller projects at a lower TRL should
propose at the lower range of DOE funding ($1M/project) while higher TRL projects can apply
up to the maimum for this Subtopic ($2M/project). Projects should be planned as two or three
multi-phase efforts with a quantitative Go/NGo decision point with specific criteria and

metrics separating each phase (each budget period should be approximately 12nonii@s

long). Projects must include at least 20% cost share, consistent with R&D activities.

Subtopic 1A Teaming Arrangements:

A domestic bipolar plate manufacturer as part of the team is encouraged. Upon selection,
applicantsare expected to partner witt?’FCT; coordination will include testing and utilizing
appropriate accelerated stress tests, as well as systesdeling efforts to assess the proposed
G§SOKy 2t 238 Qa -datyfudl célicostayd pdfSrinadée.

Teaming arrangements that include miple stakeholders across academia, industry, national
laboratories as appropriate, and across technical disciplines are strongly encouraged. For
example, teams that include multiple partners are preferred over applications that only include
a single orgamiation. Teams that include representation from diverse entities such as, but not
limited to: Minority Serving Institutions (MSIs), includidgptorically Black Colleges and

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Universities (HBCUs)/Other Minority Institutions (OMIs) through linkages with Opportunity
Zone$ are encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of applicant teams for this topic. The list allows organizations who mayawvish t
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partner List will be availablgtfHFTO websitat
https://www.energy.qov/eere/fuelcells/hydrogeandfuel-celltechnologiesoffice-funding
opportunitiesunder FOA DEEOA0002446 during the time of its releasierbugh its closing. The

Teaming Partner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who have provided their information. Any organization

that would like to be included on this lisheuld submit the following information to
HFTOFOA@ee.doe.gov 6 A 1 K G KS &dzm 2SO0 f AyFOAGORAE YAY I t | N

Topic Area(s) of Ietest, Organization Name, Contact Name, Contact Address, Contaat, Em
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a request to be included on the Teaming Partner List, the requesting organization
consents to the publication of the aboveferenced mformation. By facilitating this Teaming
Partner List, EERE does not endorse or otherwise evaluate the qualifications of the entities that
seltidentify themselves for placement on the Teaming Partner List. EERE will not pay for the
provision of any inforration, nor will it compensate any applicants or requesting organizations
for the development of such information.

Subtopic 1B: Fuel Cell R&D for Hedvyty Applicationsc Innovative, LowCost
Air Management Components

Subtopic 1B Introduction/Background:

Successful development of fuel cell system balance of plant (BOP) components specifically
designed for heawduty vehicle drive cycles is critical if overall fuel cell system cost, durability,

8 Minority Serving Institutions (MSIs), including HBCUs/OMIs as educational entities recognized by the Office of Civil
Rights (OCR), U.S. Department of Education, and identified on the OCR's Department of Education U.S. accredited
p2aGaSO2YyRI NE YAy 2 Nhtipsh/GnanwQ.ediggviaiboltidftizasli/otr/etlifea G @ { S S
minorityinst.html.

9 Opportunity Zones were added to the Internal RevenodeéCby section 13823 of the Tax Cuts and Jobs Act of
2017, codified at 26 U.S.C. 14eDzThe list of designated Qualified Opportunity Zones can be found in IRS Notices
201848 (PDFand201942 (PDF)Further, a visual map of the census tracts designated as Qualified Opportunity
Zones may also be found @pportunityZones ResourceBlso seefrequently asked questiorsbout Qualified
Opportunity Zones.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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and performance goals are to be achieved. Improvements to &@@fponent durability will
increase the system reliability and decrease maintenance cost. Improvements to BOP
component efficiency will decrease parasitic power required, thereby decreasing fuel use and
reducing stack oversizing.

Air management componen{®&.g., compressors/expanders) are the major cost contributor to

the fuel cell system, and the largest contributor to system BOP cost. Compressors specifically
designed for heawduty fuel cell applications are needed to minimize parasitic power
consumptionwhile meeting packaging and cost requirements. For example, because recent
advances in fuel cell power density have relied on higher pressure operation for the cathode,
this has resulted in cost and reliability issues due to the air handling system fdreere

innovative concepts are needed to enable such systems to achieve optimal performance and to
better understand the integration of components into subsystems and full systems.

Over the last decade, automotive fuel cell systems have been developediwittanagement
systems to meet the light duty vehicle specifications, including input power,
compressor/expander efficiency, motor controller efficiency, volume, weight, cost, turndown
ratio, and noisé? Heavyduty fuel cell applications have not been seudtjto this level of

analysis, and possess a different set of requirements for their air management systems,
requiring greater uptime (reliability), improved efficiency (reduced input povarlextended
durability (25,000 hour lifetime)Air managementystems present the primary parasitic load

and require a concerted research and development effort to meet the 68% efficiency target for
heavyduty truck applications.

A study of fuel cell buses, an application with similar durability requirements toyFehaty

trucks, found that availability ranged from a low of 55% to a high of 88% with an overall

average of 72%. Fuel cell system issues made up 25% of the unavailable time, and were largely
attributed to balance of plant components and not issues withftied cell stack. Air blowers,
compressors, and sometimes plumbing leaks were responsible for downtime for the buses.
Reliability of the air management system must improve for hedy truck applications.

Reliability is even more important for lofigaultrucking than for municipal buses that operate

on a fixed route near their maintenance facilitiés.

Subtopic 1B Description/Objective:

This subtopic solicits applications that will develop air management components capable of:

w Greater uptime (reliability, improved efficiency (reduced input power),
extended durability (lifetime), and higher turndown ratio relative to liglotty
applications

10 ightDuty Vehicle Air Compression System Targets from 2016 MYRD&D Plan:
https://www.energy.gov/sites/prod/files/2017/05/f34/fcto_myrdd_fuel cells.pdf
11 Fuel Cell Buses in U.S. Transit Fleets: Current Status#&@ds//www.nrel.gov/docs/fy190sti/72208.pdf
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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w Providing a lower cost, easy-manufacture solution for air compression for
heavyduty fuel cell systems

w Flexibilty in being used across multiple headwty fuel cell applications,
increasing manufacturing volumes and offering potential economies of scale
benefits

The final project deliverable will be a sabale prototype heawgluty vehicle air management
system wih the target specifications, as shownTiable2.

Table2: HeavyDuty Vehicle Air Compression System Tarérets

Characteristic Units 2030Targes

Motor + Motor Controller Efficiency

At 100% flow? % 92

At 50% flow? % 92

At Idle® % 80
Compressor/Expander Efficiency

At 100% flow? % 75/70

At 50% flow? % 80/80

At Idle® % 62/60
Transient time for 1®0% ofmaximum flow seconds 2
Durability? hours 25,000
Reliability® Miles Between Road Calls 50,000

(MBRC)

Number of startup and shuidown cycles - 50,000
Noise at Idle dBa @ 1m 65
System Cost $/kwW 12
System Volumé L/kw 0.25
System Weight kg/kw 0.50
Turndown Ratio (max/min flow) - 20

a. Compressor285g/s flow rate, 2.5 bar (absolute) discharge pressure; 40°C, 25% RH inlet conditions. Expander:
270g/s flow rate, 2.2 bar (absolute) inlet pressu®®;°C,85% RH inlet condition€ompressor flow rates include
8% allowance for motor cooling and need to be adjusted if the actual motor cooling requirement is different.

b. Compressori43g/s flow rate, 2.5 bar (absolute) discharge pressure; 40°C, 25% RH inlet conditions. Expander:
13549/s flow rate, 24 bar (absolute) inlet pressur80°C,85% RH inlet condition€ompressor flow rates include
8% allowance for motor cooling and need to be adjusted if the actual motor cooling requirement is different.

c. Compressorl4 g/s flow rateat idle, minimum 11 bar (absolute) discharge pressure; 40°C, 25% RH inlet
conditions. Expandet:2 g/s flow rate,1.05 bar (absoluteinlet pressure 60°C,100% RH inlet conditions.
Compressor flow rates include 8% allowance for motor cooling and neeel &dljosted if the actual motor
cooling requirement is different.

2 Air compression system for 250 to 38We (beginning of life maximum net electrical power available) heavy
duty fuel cell systems operating on direct hydrogen.
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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d. Durabilitytesting should be done according pootocols to be developed by RFCTProtocob are expected to
be similar to that inTable P10
(https://www.energy.gov/sites/prod/files/2017/05/f34/fcto_myrdd_fuel cells.pdiwith relative numbers of
start/stops and power ramps adjusted to match HD truckydcycles rather than LDV duty cycles

e.A MBRC of 50,000 miles corresponds to one service calllyear related to the air management system. Current
diesel truck reliability varies with truck type and for the same truck type varies substantially betweratap
(https://www.freightwaves.com/news/tmc2@inscheduledruck-maintenancecostsrising. Higher reliability
may be required in the future to match currediesel truck reliability

f. Cost target based on a manufacturing volume of 100,000 units per year.

g. Weight and volume include the motor, motor controller (dry weight). kW is based on 250 tk\8@0
(beginning of life maximum net electrical power dahle) heavy duty fuel cell systems operating on direct
hydrogen.

The applicant should discuss: the status of their proposed technology in relation to the targets
and thepotential of theproposed systento meet the targetsandhow they will assesair
management system performance and durability under heavy duty fuel cell operating
conditions Adetailed assessment of the cost and manufacturability of the hardwhorild be
provided to DOE at the end of the projeétpplicants are required to carry otlteir cost,
performance, and durability assessmeatsd testingin coordination with MFCT

Subtopic 1B Project Structure:

Applicants should propose projects up to 3 years in length for a total DOE funding of $1,000,000
to $2,000,000 for each project. Theaximum DOE funding of $4,000,000 for this subtopic

enables selection of 2 to 4 projects. The funding requested should be commensurate with the
level of work proposed. Projects should be planned as two or threki-phaseefforts with a
guantitative Go/No-Go decision point with specific criteria and metrics separating each phase
(each phase should be approximately 12 to 18 months long). Projects must include at least 20%
cost share consistent with R&D activities.

Subtopic 1B Teaming Arrangements:

A domestic air management component/system manufacturer and a fuel cell system developer
(OEM or OEM supplier) knowledgeable in the requirements for polymer electrolyte membrane
fuel cell systems for heaxjuty transportation applications as part of the teasmencouraged.

Upon selection, applicants are expected to partner with thé&®T national lab consortium;
coordination will include systetir2 RSt Ay3 STF2NIlia (2 FraasSaa GKS
on heavyduty fuel cell cost and performance, as wellpasformance and durability testing.

Teaming arrangements that include multiple stakeholders across academia, industry, national
laboratories as appropriate, and across technical disciplines are strongly encouraged. For
example, teams that include multippartners are preferred over applications that only include

a single organization. Teams that include representation from diverse entities such as, but not
limited to: Minority Serving Institutions (MSIs), includidgstorically Black Colleges and

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Universties (HBCUs)/Other Minority Institutions (OMigpr through linkages with Opportunity
Zoned*are encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of applicant teams for thispa:. The list allows organizations who may wish to
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partner List will be avaléedin the HFTO websitat
https://www.energy.qov/eere/fuelcells/hydrogeandfuel-celltechnologiesoffice-funding
opportunitiesunder FOA DEEOA0002446 during the time of its release through its closing. The
Teaming Partner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who have provided their information ofggnization

that would like to be included on this list should submit the following information to
HFTOFOA@ee.doe.gov 6 A 1 K G KS &dzm 2SO0 f AyFOAGORAE YAY I t | N

Topic Area(s) of Ietest, Organization Name, Contact Name, Contact Address, Contact Email,
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a request to be included on the Teaming Partner List, the requesting otiganiza
consents to the publication of the aboveferenced information. By facilitating this Teaming
Partner List, EERE does not endorse or otherwise evaluate the qualifications of the entities that
seltidentify themselves for placement on the Teaming Parthist. EERE will not pay for the
provision of any information, nor will it compensate any applicants or requesting organizations
for the development of such information.

Topic Area 2: Efficient and Innovative Hydrogen Production

Hydrogen demand is ineasing globally across sectors with the United States producing and
consuming almost 10 MMT annuatToday, the vast majority of hydrogen is produced from

13 Minority Serving Institutions (MSls), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.S. Department of Education, and identified on the OCR's Department of Education U.S.
FOONBRAGSR LI & anStiugoy IRt SeditpsyAvwin® MdgdviaBoatfficks/list/ocr/edlite
minorityinst.html

14 Opportunity Zones were added to the Internal Revenue Code by section 13&&3Tdix Cuts and Jobs Act of
2017, codified at 26 U.S.C. 14aD7The list of designated Qualified Opportunity Zones can be found in IRS
Notices201848 (PDFand201942 (PDF)Further, a visual map of the census tracts designated as Qualified
Opportunity Zones may also be found@pportunity Zones Resourceédso se, frequently asked guestions
about Qualified Opportunity Zones.

15.S. Department of Energ@ctober 20191 @ RNR2 ISy | yR CdzStf / St f & HyM&ehNI ¥ wSO21
al NJ Si { AT SY 5 2niS:Eviiiv.BydrbogrRendboly. od/pdfs/8990Rydrogenmarketdomestic
global.pdf

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.

17


https://epicweb.ee.doe.gov/
mailto:eere-epichelpdesk@ee.doe.gov?subject=EPIC
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-funding-opportunities
https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-funding-opportunities
mailto:HFTOFOA@ee.doe.gov
https://www2.ed.gov/about/offices/list/ocr/edlite-minorityinst.html
https://www2.ed.gov/about/offices/list/ocr/edlite-minorityinst.html
https://www.irs.gov/pub/irs-drop/n-18-48.pdf
https://www.irs.gov/pub/irs-drop/n-19-42.pdf
https://www.cdfifund.gov/Pages/Opportunity-Zones.aspx
https://www.irs.gov/newsroom/opportunity-zones-frequently-asked-questions
https://www.hydrogen.energy.gov/pdfs/19002-hydrogen-market-domestic-global.pdf
https://www.hydrogen.energy.gov/pdfs/19002-hydrogen-market-domestic-global.pdf

el syt e Office of ENERGY EFFICIENCY

ENERGY & RENEWABLE ENERGY

natural gas, but to meet the growing demand, a broad portfolio of hydrogen production

LI GKgl & (SOKy2f23ASa dziAftAlT Ay3 | @FNARSGe 2F
being considered and developed. Feedstock diversity is one of the major tsesfdiydrogen

as it provides opportunities to increase energy security, resiliency, and economic opportunities
while also offering environmental benefits. The three broad resource classes that can be used

as the feedstock for hydrogen production are fofsel, biomass/waste, and water, and each of

these three has multiple pathways/technologies to generate hydrogen. HFTO is focused on
developing sustainable, clean néossil generation technologies to enable loest hydrogen

production at scale. Inpaflidzf  NE | C¢ hQa | & Rpi@athSyppottsNRRMRtdzO G A 2 Y
address the critical challenges and barriers associated with hydrogen production technologies

via water splitting technologies such as electrolysis and waste and biomass conversion
technologiessuch as fermentation. This FOA Topic Area covers (A) High Temperature

Electrolyzer Manufacturing R&D and (B) Innovative Hydrogen Production from Biomass Waste
Streams.

Anticipated Funding and Award Details

Federal Max Min
Topic Area Anticipated Fundin Pro'e.ct Required
P Funding| Number of 9 1€ Non-Federal
per Duration
Awards Cost Share
Award VEES) %
Subbpic 2A: High Temperaturel $10M 2to 3 $3-5M* 3 20%
Electrolyzer Manufacturing
R&D
Subbpic 2B:Innovative $2M 1to 2 $1M 3 20%

Hydrogen Production from
Biomass Waste Streams
Total: Up to 3to5
$12M
* The funding requested should be commensurate with the level of work proposed. While the maximum per award is $5M for
Topic 2A, smaller morfecused projects (-¥M/project) that advance existing/most promising concepts are also encouraged.

Subtopic 2A: High Temperature Electrolyzer Manufacturing R&D

Subtopic 2A Introduction/Background:

Electrolyzers split water into hydrogen and oxygen electrochemically using electricity that can

be produced from diverse domestic resources. The ke production of hydrogen from

gl SN oe StSOGNRfeaAra Aa | | brdablShydrapdnSNI 2F 99w
production, distribution, storage, and use across multiple applications, such as chemical

synthesis, steel and cement manufacturing, and other end uses. Rowgs methods that use

electricity to generate hydrogen for energy storage atider end use applications are

Questions about this FOASRbmit your questions through EPIQtps://epicweb.ee.doe.gav
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emerging as pathways to mitigate curtailed renewable resources and provide flexible operation
for baseload nuclear plants, contributing to improved grid stability and resilience. Large, multi
MW scale electrolyzers are needfat these applications, but the high cost of these systems

and general lack of domestic manufacturing facilities remain critical challenges impeding
widespread adoption. Part of this high cost comes from the low production volume of
manufacturing electrgizer components and systems, leading to high processing expenses.

HFTO has previously supported and will continue to support bothdod hightemperature
electrolyzer technology development as each will have important, and potentially distinct, roles
in enabling the efficient and affordable production of hydrogen in a future clean energy
SO2y2Yeéd 2KAfS I C¢thQad C,Hn Ch! KIFIR I G2LAO 2y
manufacturing, this FY21 FOA topic is focused on advancing and enabling domestic
manufacuring of high temperature electrolyzers (HTE), also commonly referred to as solid
oxide electrolysis cells (SOEC), based on egileonducting materials (e.g., zircofbased

St SOGNRfEdsS acaidsSyaoed 99wo9Qa ! Rl vifdliRg al ydzF I O
partner on this topic a# seesa critical need for domestically competitive manufacturing of
technologies such as high temperature electrolyzers. SOEC technology is less developed than
low temperature PEM and conventional alkaline electrolyeehnologies. It is not yet widely
commercialized; however, an increasing number of organizations are looking to bring this
technology to market. The high operating temperature offers significant benefits including low
electricity requirements (i.e., highlectrical efficiency) and opportunity to couple the

electrolyzer with heat from nuclear, solar, or other sources. While HTE performance and
durability have improved significantly in recent years, due in part to compoleset

advancements enabled by going HFT@upported R&DB® achieving necessary cost reductions
will require significant manufacturing economiesscale to be reached. Cesffective scalaup

and highthroughput manufacturing processes are among the necessary innovations. For
electrolyzes to produce affordable hydrogen at the DOE cost target of <$2/kg, such
innovations will be critical.

HFTO recently launched the H2NEW (Hydrogen from the-gdmeration of Electrolyzers of
Water) Consortium. This national kgl consortium is focusednomaking largescale

electrolyzers more durable, efficient, and affordable. H2NEW will focus on integrating existing
materials and manufacturing R&D to meet specified cost, durability and performance targets in
LTE and HTE with an end goal of enablingptibeuction of hydrogen at a cost of <$2/kg. iAs
shown inFigurel., manufacturing and scalep efforts have a key role in H2NEW. Projects
selected through this FOA topic will be associated and coordinated with the overall H2ZNEW
effort. It is anticipated the projects will engage and collaborate with the HZNEW HTE thbs, le
by Idaho National Laboratory (INL) and Pacific Northwest National Laboratory (PNNL), with

16 https://www.hydrogen.energy.gov/pdfs/reviewl9/plenary hydrogen_fuel stetson 2019.pdf
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these manufacturing R&D efforts expected to be complementary to the national lab H2NEW
R&D efforts, which initially are focused on addressing degrada&taied isues.

Materials Integration Focus
Electrolysis Performance
& Durability
Targeted, focused effort to
enable affordable, reliable
and efficient electrolyzers.
Includes understanding
durability and test protocol
development

Manufacturing and
Scale-up
Roll to Roll (R2R)
consortium,
leveraging AMO.
Electrode fabrication
diagnostics

Figure2. H2NEW Structure

Il NBOSyd Iyl feaA alstrivsityaddpodudtieniosts af ~$2/hgxdhS
potentially be achieved at electricity prices of 3¢/kWh (which is becoming increasingly common
with wind and slar installations), when the electrolyzer system capital cost is on the order of
$350/kW2 This analysis assumes highlume manufacturing production capacity (700

MW/yr) has been reached. Based on these results as well as feedback from technical,experts
HFTO has set a target of $300/kW by 2030 for electrolyzer system capital cost. Other draft HTE
stack targets include electrical efficiency of 98% at 1.5 Aamd durability of 60,000 hours.

Achieving needed scales of manufacturing will require levegplgissons learned to date from

the hydrogen and fuel cell R&D communities along with the implementation of-statiee-art
manufacturing innovations. Manufacturers of HTEs have historically leveraged work carried out
by solid oxide fuel cell (SOFC) depels. There may therefore be opportunities to adapt state
of-the-art methods used for the manufacture of SOFCs to the specific needs of SOECs,
capitalizing on some common requirements. The basic cell compositions and cell/stack designs
are similar for thewo technologies. Conventional ceramic processing techniques used for
SOFCs can be applied in the manufacture of HTEs.

In addition to leveraging SOFC manufacturing techniques, electrolyzer manufacturing cost could
also be lowered by reducing the numberparts in a cell unit and reducing the total number of
processing steps (e.g., multiple high temperature sintering processes). Other innovative
manufacturing approaches such as additive manufacturing, process automation, and advanced
reaktime metrology tehniques for QC/QA also have potential to enable overall system cost
reductions. Standardization in electrolyzer manufacturing processes and in the
design/optimization of components, stacks and systems offers another important pathway for

"H2A is a discounted caslow model providing transparent reporting of process design assumptions and a
consistent cost analysis methodology fargfoduction at central and distributed facilities:
http://www.hydrogen.energy.gov/h2a_production.html

¥ DOE Hydrogen and Fuel Cells Program Rektydrogen Production Cost From High Temperature Electrajysis
2020 https://www.hydrogen.energy.gov/pdfs/20006roductioncosthightemperature-electrolysis.pdf
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the promotion ofa more effective and robust domestic supply chain, with significant cost
saving potential. A combination of manufacturing and related supply chain innovations may be
needed to enable commercialization of largeale HTEs that can produce affordable hydroge

at the target of <$2/kg.

Subtopic 2A Description/Objective:

EERE seeks applications in R&D of manufacturing techniques to produce advanced components,
stacks, suksystems, and systems for muliW-scale HTEs at high production volumes,

leveraging one omore of the innovations/approaches such as those described above and listed
below. For the SOEC components targeted in the applicatiorgpbcantshould provide their

current status against relevant metrics. An example of stditthe-art metrics tha could be

considered is electrolyzer stack performance of 1 &emi  XXm®n = ¢gAGK | RS3INI
<10 mV/khr for electrode supported cells. In all proposals, applicants will be expected to

address the impact of their manufacturing innovations on @ct¢d cost reductions for large

scale electrolyzers. Some potential areas of interest for this topic include but are not limited to:

1 Approaches to decrease the stack part count, including integrating multiple
components into one and decreasing the numbé&assembly steps required for
stack fabrication

1 Developing best practices for material/component handling, automated
component and stack assembly as appropriate, quality control, repeatability, in
situ diagnostics/inspection (at required production ratasline), reducing reject
rates, reducing material waste, addressing aonformities, conditioning, and
other required steps in the manufacturing process, including approaches that
minimize service requirements and enable ease of servicing

1 Innovations innterconnect manufacturing for high temperature electrolyzers
(including improved processes for depositing stable, conductive coatings at high
production volumes)

1 Advanced higtvolume fabrication methods including thin film deposition
techniques to improg rate and yield

1 Minimize number of high temperature sintering/firing steps

91 Decrease required firing/sintering temperature (e.g., add sintering aids while
confirming no negative impacts) and other approaches to densify the electrolyte
(needs to be demonsated on commercially relevant sized cells)

91 Application of known industrial techniques to electrolyzers (e.g., robotics for
glass seals, brazes, laser cutting, automation, or other processes)

Applications should be more focused on taking proven or commaitg viable materials and
scaling to highvolume manufacturing processes rather than developing new, higher risk
materials or manufacturing methods that end with only a smalitale demonstrationin
alignment with the focus of the H2NEW HTE national fedrteand due to its more advanced
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level of development, cells/stacks should be based on exideonducting materials (e.g.,
zirconiabased electrolyte systems). Deliverables could include, but are not limited to: new,
high-speed, highvolume manufactung processes that generate cell components, cells, stacks,
balanceof-plant, or systems sized for muMW electrolyzers that would enable meeting

targets ($300/kW, 60,000 hours, etc.)

Applicants must clearly identify the status of their proposed high terafure electrolyzer
technology as it relates to the stati-the-art. They should provide sufficient justification in the
application, supported by a cost analysis, that the approach proposed has the potential to lead
to a competitive modular, scalable mafacturing solution suitable for low cost, efficient,

durable, and reliable multMW scale electrolyzer deployments. The project must include
production of electrolyzers or electrolyzer components/subsystems using the manufacturing
technology on a scalelevant to highvolume manufacturing. Higthroughput manufacturing
approaches with appropriate quality inspection (including uniformity and tolerances) are
encouraged. While the focus is on M&ale cell and stack technology, applicants may propose
limteR ONAXAGAOIE . ht FOGADARKFE Rt BYBKIFIaAaAlIKES YL
manufacturability and scalap. If components and subsystems can benefit from

standardization to help develop a supply chain with higher econcwiissale, particularly
amongelectrolyzer manufacturers, such standardization approaches may be proposed.

Subtopic 2A Project Structure:

Applicants should propose2year projects for total DOE funding amounts between
$3,000,000 and $5,000,000. The funding request should be cosumate with the level of

work proposed. Projects should be planned & raultiphase efforts (depending on the
duration of the project) with a Go/N&o0 decision point separating each phase (budget period).
Each phase (budget period) should beI®monthsin duration. Applicants should provide
project work plans with strong quantitative Go/M&o decision points including clear metrics
that demonstrate lower cost manufacturability while maintaining the statéhe-art in
performance and durability, targetg the metrics given in the previous section, as applicable.
Projects must include at least 20% cost share consistent with R&D activities.

Subopic 2A Teaming Arrangements:

Collaborative projects comprising appropriate industrial and manufacturing espeate

strongly encouraged. Applicants should describe succinctly the qualifications, experience, and
capabilities of the proposed project team to execute the project plan successfully. If the project
lead does not have the facilities/capabilities to gaout the electrolyzer/electrolyzer

component production on a higholume relevant manufacturing scale, it will be necessary to
include a project partner or partners who can perform that role. Applicants are highly
encouraged to develop teaming arrangemeitetween stack/system integrator and stack and
component suppliers. For example, rather than only including suppliers as vendors, domestic
component suppliers (e.g., both stack and BOP components) are encouraged as
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partners/subrecipients, where appropret Applicants are encouraged to coordinate and
leverage activities funded by the Advanced Manufacturing Office and other relevant DOE
Offices, and avoid duplicative efforts. Applicants are encouraged to engage atedlior
collaborate where appropriate witone or nore ofthe H2ZNEW HTE labs with the expectation
that the manufacturing R&D projextesulting from this FOA topic will support H2ZNEW laed
complementary to the national lab H2ZNEW R&D effd8tsong preference is given to
applicants with domestimanufacturing capabilities and intent to manufacture in the United
States.

Teams that include representation from diverse entities such as, but not limitéditarity
Serving Institutions (MSIs), includiHgstorically Black Colleges and Universifi¢BCUs)/Other
Minority Institutions (OMIs}® or through linkages with Opportunity Zorf€sre encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of applicant teams for this topithe list allows organizations who may wish to
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partner List will be availadmehe HFTO websitat
https://www.energy.gov/eere/fuelcells/hydrogeand-fuel-celltechnologiesoffice-funding
opportunitiesunder FOA DEEOA0002446 during the time of its release through its closing. The
Teaming Partner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who have provided their information. Any organization

that would like to be included on this list should submit the following information to
HFTOFOA@ee.doe.gov g A 1 K (G KS &ddzo02S0O0 f A yFOA0Q0RARE YA Y I t | N

Topic Area(s) of Ietest, OrganizatiorName, Contact Name, Contact Address, Contact Emaill,
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

19 Minority Serving Institutions (MSlIs), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.S. Department of Education, and identified on the OCR's Department of Education U.S.
accredited postseg6 R NB YA y 2 NA (0 A S Atts:/ivwhg . &digdvaipit/afiicestistarriediite{ S S
minorityinst.html

20 Opportunity Zones were added to the Internal Revenue Code by section 13823 of the Tax Cuts and Jobs Act of
2017, codified at 26 U.S.C. 146DZThe list of designated Qualified Opportunity Zones can be found in IRS
Notices201848 (PDFand 201942 (PDF)Further, a visual map of the census tracts designated as Qualified
Opportunity Zones may also be found@pportunity Zones Resourcealso seefrequently asked questions
about Qualified Opportunity Zones.
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Subtopic 2B: Innovative Hydrogen Production from Biomass Waste
Streams

Subtopic 2B Introduction/Background:

With the potential for over a billion dry tons of feedstock annugtigomestic biomass and
wastestream resources can be leveraged for sustainable biofuel and/or hydrogen production.
Primary biomass energy sourcasch as poplar, willow, and switchgrass, as well as biogas
produced from anaerobic digestion of organic residues from sources such as landfill,
agricultural waste, and municipal solid waste are all potential feedst§ékkK A f S 99 w9 Q&
Bioenergy Technologié3ffice (BETQJevelopstechnologies that utilize these feedstocks to
produce costcompetitive advanced biofuel®iopower and bioproductHFTO invests in R&D

to enable low cost kvia waste and biomass conversion technologies. In an effort to enhance
and accelerate R&D, HFTO and BETO look for opportunities to collaborate and leverage efforts
and investments in these areas.

YSe (2 GKS 5h9Qa I HX{OFtS AYAGAIGADBS A& I FF2N
feedstocks at a variety of scales rargginom large central production to small local production.
Enabling affordable hydrogen production via microbial biomass conversion technologies
directly supports H2@Scale. Waste streams in particular offer unique opportunities for low cost
hydrogen via marobial conversion. Industrial and municipal waste stream clgars costly and
energy intensive. In fact, it is estimated that waste water treatment alone consumes 2 to 4% of
globally produced electricits? At the same time, the energy content of thesaste streams is

high and could instead be used to generate renewable energy. A recent report published by
BETO found the United States has the potential to generate about 1.079 quadrillion British
thermal units (Btu) of energy from 77 million dry tons aftwaste per yea?* Many states and
municipalities are seeking new solutions for managing these organic waste streams as opposed
to incumbent practices (e.g. landfilling) which can avoid the high costs associated with
treatment, transportation, and disposarhus, they represent a considerable economic
opportunity compared to microbial hydrogen production from lignocellulosic feedstocks.

21y.S. Department @ Y SNH & ® H n m €Tdn Réperh mavanciry Déneig/Resources for a Thriving
.A2802y2Yezx +£2fdzyYS wmy 902y 2YAO ! @l AfloAfAGE 2F CSSRadi
ORNL/TM2016/160. Oak Ridge National Laboratory, Oak&itity. 448p. doi: 10.2172/1271651.
https://www.energy.gov/sites/prod/files/2016/12/f34/2016 billion_ton_report 12.2.16 0.pdf

22 National Research Counaitd National Academy of Engineeriaig H nnn® G ¢ KS | @RNRBISY 902y 2Y
Costs, Barriers,anddR b SSRa®¢ 62 aKAy3Aad2ys 5/Y blidAzyltf ! OFRSYAS
http://www.nap.edu/openbook.php?isbn=0309091632

23 ACS Central Science 20195 (2)/208p ® [ AYZ - Al 2%KA GC¢CdRAFSYyE GENBYYAO 21 aid
10.1021/acscentsci.9b00132

21 d{ ® 5SLI NIYSYyld 2F 9ySNHE® HAMT® G. A2FdzSta FyR . A2LINER
and Opportunities
https://www.energy.gov/sites/prod/files/2017/09/f36/biofuels_and_bioproducts from wet and gaseous_wast
e_streams_fil_report.pdf
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Microbial biomass conversion processes and systems such as dark fermentation and microbial
electrolysis cells (MECs) &k I R@I y Gl 3S 2F YAONR2NHFIYA&AYaQ oA
organic matter and release hydrogen. In dark fermentation, microbes break down complex
molecules through multiple metabolic pathways where the byproducts of some of the

pathways can then be cdnmed by enzymes to produce hydrogen. MECs, on the other hand,
harness energy and protons produced by microbes from organic matter that when combined

with an additional small electric current, produce hydrogen. Fermentation is already a proven

and industral technology used to generate biofuels and other products; however there are
challenges unique to hydrogen production that need to be addressed for this pathway to be
feasible for production of loveost hydrogen at relevant scales. ME&sed systems havbe

LR GSYdArf G2 LINRPRddzOS K@RNRISY FNRY NB&az2dzNOSa
and could reduce high energy requirements and costs associated with waste strearuglean

while producing a valuable fuel in the form of hydrogen. Yetgeaga) performance and

durability issues remain.

Compared to conventional biomass feedstocks that can be cost prohibitive, waste streams have
a greater potential to enable lowost hydrogen from microbial processes by eliminating the

cost of the feedstocland avoiding costs otherwise required for disposal and/or clgan

Recent analysis shows that the projected cost to produce hydrogen from dark fermentation of
biomass (corn stover) using techniques and strains currently in development at the laboratory
scale is greater than $50/gge (untaxed, high volume production rates). There is the potential to
dramatically reduce the cost to less than $6/gge by 2025 if improvements in the technology and
high volumes are realized. This will require improvements imtbé&r yield of the conversion

of biomass to hydrogen, along with a substantially higher operating fermentation broth
concentration while maintaining reasonable rates, among other advancements, such as
integration with microbialided electrolysis system#/hen waste streams are considered,

costs are expected to drop even more. However, there are additional challenges associated
with waste stream feedstocks that will also need to be addressed, such as the fluctuation in
guality (temperature, pH, organic amdorganic contents, etc.).

Subtopic 2BDescription/Objective:

Conversion of waste feedstocks (including industrial waste water, food waste, municipal solid
waste, and other notiossil waste streams) to hydrogen via microbial conversion technologies

at large or distributed/community scales are of interest. Waste feedstock applications offer a
unique opportunit to meet longterm goals of $2/kg in support of the H2@Scale initiative

while simultaneously addressing waste disposal issues faced by aywariatlustry

stakeholders. Early stage R&D is needed to optimize and/or integrate microbial electrolysis cells
(MEC), fermentation and/or other novel systems to bring down cost, improve yield, and enable
scaleup. University and industry proposals arerxgsolicited for R&D to:

1 Design novel MECs and/or reactors that improyeidld and/or reduce costs at
relevant scale includingosts of separation and purification requirements and
enabling modular designs for egite installation/use by endser,

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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1 Improwe MEC lifetime and robustness to enable system resilience with real
waste streams;

1 Optimize hybrid systems to maximize thepgfoduced per unit of feedstock,
addressing any potential integration issues (such as mass flow or thermal
management)and

1 Developother innovative biological approaches to waste stream conversion

In addition to the requirements defined BectionlV., applicants must indicate how the work

proposed complements egoing research in this area and advances the stéthe-art

towardsmeeting the hydrogen production cost goal while also meeting the hydrogen purity
standards specified in the DOE MYRD&D Plamplicants should consider the projected

impact of the proposed innovation on hydrogen cost based on available teetm@omic ad

lifecycle assessments and studies. Applicants should base early stage R&D on a sound scientific
basis and concentrate on scientific advances that will enable microbial biomass conversion for
hydrogen production at relevant scales. While a better uni@deding of microbial

O2YYdzy AGASEAQ [ OGAGAGASAE YR AYGSNIXOlA2ya F2NJ
could be a small part of the scope of potential proposals, it should not be the focus.

Deliverables of the proposed work must include dentaatson of hydrogen production
utilizing real organic waste streams as opposed to surrogate or mock compounds with
significant improvement over the statef thecart (SOA). For example, current work has
demonstrated an integrated fermentatieMEC system opating on a waste stream with a
hydrogen production rate of 2Q4Lreacto/day for more than 30 hour& Applications must
thoroughly define the SOA baseline their innovation will improve upon if different than this.
Proposed projects should include a pagy (systems analysis deliverable) to a lasgale
system, of at least 1,000 kg/Hay production, along with projected capital and operating
expenses including separation and purification (if necessdyg final deliverable of the
proposed project sbuld clearly define incremental advancements needed to achieve the $2/kg
Hxtarget.

Subtopic 2BProject Structure:

Applicants should propose projects up to 3 years in length for a maximum total DOE funding of
$1,000,000 per project. The funding request should be commensurate with the level of work
proposed. Applicants should plan projects as two or three rplitise eforts with a

guantitative Go/NeGo decision point separating each phase (budget period). Each budget
period should beypproximatelyl2to 18 months longProjects must include at least 20% cost
share, consistent with R&D activities.

25 https://www.energy.gov/sites/prod/files/2014/03/f12/appendix_c.pdf
B 2y3 [AdzZ ,d2ly {KFE2X | yR +Afl &l ydzNJ + kSystemmyor Bifiieny = d b
| @RN23ISY DSYSNIGA2Yy FNRBY .A2YlFaazré LINBaASyGSR i GKS
https://www.hydrogen.energy.gov/pdfs/review19/@9 liu_2019 p.pdf
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Subtopic 2Blr'eaming Arangements:

Applicants are highly encouraged to team with waste producers/managers that are interested
in adopting the technology and can provide the waste feedstock for the project.

Teams that include representation from diverse entities such as, but not limitéditarity
Serving Institutions (MSIs), includiHgstorically Black Colleges and Universities (HBCUs)/Other
Minority Institutions (OMIs§’ or through linkages with Opportiity Zones? are encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of applicant teams for this topic. The list allows organizations who may wish to
participate in an application,ut do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partner List will be availadmethe HFTO websitat
https://www.energy.gov/eere/fuelcells/hydrogeand-fuel-celltechnologiesoffice-funding
opportunitiesunder FOA DIEEOA0002446 during the time of its release through its closing. The
Teaming Pdner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who have provided their information. Any organization

that would like to be included on this list should submit the following infdromato
HFTOFOA@ee.doe.gov g A 1 K G KS &ddzo2S0O0 € AyFOA0Q0RAZE YAY I t | N

Topic Area(s) of InteresQrganization Name, Contact Name, Contact Address, Contact Email,
Contact Phone, Organizatidiype, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a request to be included on the Teaming Partner List, the requesting organization
consents to the publication of the aboveferenced information. By facilitating thissaming

Partner List, EERE does not endorse or otherwise evaluate the qualifications of the entities that
selfidentify

Topic Area 3: Higflow Fueling Applications

5h9 Q& | nX{ OhtipsS/wihwekdigy.dowded/Bielcdlls/hZcald is focused on
enabling large scale hydrogen production, delivery, storage, and use across applications and

27 Minority Serving Institutions (MSIs), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.S. Department of Education, and identified on the OCR's Department of Education U.S.
accredited posts®@ 2 Y R NB YA y 2 NA U A Btas/wwinwy. adigdviatutziit/affces/list/ocriedie { S S
minorityinst.html

28 Opportunity Zones were added to the Internal Revenue Cadsestion 13823 of the Tax Cuts and Jobs Act of
2017, codified at 26 U.S.C. 146DZThe list of designated Qualified Opportunity Zones can be found in IRS
Notices201848 (PDFand 201942 (PDFE)Further, a visual map of the census tracts designated as Qualified
Opportunity Zones may also be found@pportunity Zones Resourcellso seefrequently asked questions
about Qualified Opportunity Zones.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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sectors, including heawyuty transportation. A key activity to achieve the H2@Scale vision is to
enable hydrogen use in headuty (HD) vehicles, includingick, marine, and rail applications.

Interest in HD fuel cell vehicles operating on hydrogen is growing rapidly, due to the benefits of
zero tailpipe emissions (i.e., carbon, NOx, SOx, etc.) aasvelw lifecycle greenhouse gas
emissions, along with long driving range, fast fueling times, high fuel efficiency, and high power
operation. Deployment of HD fuel cell vehicles will require the design and development of
novel hydrogen fueling technol@s and processes that can enable fueling times comparable to
incumbent technologies (i.e., diesel trucks). This will require hydrogen flow rates approximately
five times greatet® than those in current lightluty hydrogen fueling station®.

This Topic Axa includes two subtopics to advance hitgw fueling technologies and

processes. Subtopic 3A (Domestic Supply Chain forflaigiHydrogen Fueling Stations)
focuses on the development of lewost, reliable, highlow hydrogen fueling station
components ér HD trucks. Subtopic 3B (Validation of Higbw Refueling Models) focuses on
experimental evaluation and validation of a fueling model suitable for-figgh gaseous fueling
processes (i.e., for headuty trucks, marine, rail, etc.). This area of R&Blso applicable to
medium duty (MD) fuel cell vehicles which can offer opportunities in specific applications, for
low life-cycle emissions (zero tailpipe emissions), along with fast fueling and long driving
ranges.

Anticipated Funding and Award Detail

Min
Required
Non-Federal
Cost Share

Federal Max.

Funding Project
per Duration

Award VEES)

Total Anticipated
Funding| Number of
Level Awards

Topic Area

Subbpic 3A: Domestic Supply $8M 4106 $1-3M* 3 20%
Chain for Higkiflow Hydrogen
Fueling Stations

Subbpic 3B: Validation of High| $2M 1to2 $1-2M 3 20%
flow Refueling Models
Total: Upto 5t08

$10M

* The funding requested should be commensurate with the level of work proposed. While the maximum per award is $3M for
Topic 3A, smaller morfecused projects (~$1M/project) that advance existing/most promising concepts foifloigh
components are also encouraged.

29 https://www.hydrogen.energy.gov/pdfs/19006_hydrogen_class8 _long_haul_truck_targets.pdf
30 hitps://www.sae.org/standards/content/j2601 _202005ttps://www .sae.org/standards/content/{2601 202005/
Questions about this FOASRbmit your questions through EPIQtps://epicweb.ee.doe.gav
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Subtopic 3A: Domestic Supply Chain for Hitgw Hydrogen Fueling Stations

Subtopic 3A Introduction/Background:

Deployment of MD/HD fuel cell vehicles is currently limited by the availability of hydrogen
fueling technologies that can affordably and reliably dispense hydrogen approximately five
times faster than equipment used in ligduty fueling. Aggressive fithtes will be necessary
because HD trucks are expected to store an order of magnitude more hydrogen onboard than
light-duty vehicles to meet their power and range requirements.

2 KAES GKS FAEE NIGS NBIldZANBR gAfAf2ydlr 8Hh 9R&ALIFVERS
rate target for Class 8 lodgaul trucks is 10 ki/min?° (averaged over the duration of the fill),

G2 SyloftS FdzZt FAffta gA0GKAY GAYSTNIYSa O2YLI N
approximately 56 minutes). This target is based on a desire for hydrogen fuel cell trucks to

achieve a 750nile driving ange between refueling, which will require onboard storage of
approximately 60 kg of Hassuming a fuel economy of 12.4 mpkg for Class 8 tracber

trucks).

Backto-back fueling of fuel cell trucks at rates close to 10 kg/min is also essential for a
commercial market, and will necessitate the development of hydrogen fueling technologies
that have up to ten times greater capacity than those currently commercially available. R&D is
needed to develop novel approaches to scale current components anxpine the domestic
supply chain for heavgluty hydrogen fueling technology.

While 10 kg/min is the ultimate target, DOE also set an interim (2030) target of 8 kg/min to
provide a fill sufficient for a 75file range in under 10 minutes, assuming a loweit fu
economy. Components that can enable meeting or approaching this interim target are also
desired and applicants should state the average flow rate they propose to achieve.

Subtopic 3A Description/Objective:

EERE seeks the development ofoost, relidole, domestically supplied hydrogen fueling
station components to enable higitow hydrogen fueling of heawguty trucks. Potential heavy
duty hydrogen fueling station technologies of interest include, but are not limited to, the
following:

1 Dispensing hass, breakaway couplings, and nozzles;
Chillers;

Highprecision flow meters;

Flow control and shubff valves; and

Compressors andryc-compressors / cryopumps.

= =4 4 4

Key performance metrics include:

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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1) Components must be designed to enable 420 fueling at40°C and an average fill
rate of approximately 10 kgzHinin2°. While 10 kg/min is the ultimate target, concepts
that can meet or at least approach this target are desired and applicants should state
the average rate they propose to achieve. Components for fueling at alternative
pressures and temperatures will also tensidered withwith letter(s) of support from
at least one end usegnd

2) Peak operating pressure of at least 875 bar for all components, and an operating
temperature of-40°C for components downstream of the chiller (e.g., hose, valves,
dispenser, etc.).

Applications should include the following:

1 Describe the current status of the technology, including any limitations of commercially
available components;

f / 2YLI NB GKS LINRPLR&aSR O2yO0SLIiQa Oz2aid I yR
rate, temperdure) with current stateof-the-art;

1 Describe how the proposed concept would enable 10 kg/min (average) fills at fueling

stations;

Detaill the design and development effort;

Specify the materials of construction;

Include a detailed estimate of the costtbk proposed technology;

Describe how the prototype equipment will be tested, including a description of data

that will be collected during prototype testing;

As applicable, address cybersecurity challenges and vulnerabditids;

To ensure market relevae, EERE encourages applicants to include letters of support

from industry stakeholders (e.g., station developers/operators, MD/HD vehicle

manufactures or operators).

= =4 4 A

= =

Below is more information regarding the individual heawty hydrogen fueling station
technologies of interest.

Dispensing Components

This subtopic seeks higlow dispensing concepts able to achieve average flow rates of 10
kg/min, designed to accommodate operating pressures of at least 875 bar. Concepts sought
include nozzles, hoses, angsaciated breakaway couplings. Applications may focus on novel
designs for these components or novel manufacturing processes.

Components should be capable of sustaining a 10 kg/min average flow rate-foinée

intervals and sustaining a peak flow ratkeup to 14 kg/min. Nozzles should also be resistant to
freezelock. Nozzles and hoses must both be lightweight and flexible enough for regular use by
truck drivers and fueling station attendants. Hoses should target a fatigue life of at least 50,000

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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cycles. Concepts should also be capable of incorporating communications technologies.
Applications should include detailed cost estimates of the proposed technology (not including
the cost of communications).

Chillers:

Hydrogen chillers that can achiev °Cfills are commercially available, but do not meet the
flow rate and cooling power requirements of MD/HD vehicles. Cooling capacities of over 100
kW will be necessary to facilitate 10 kg/min refueling40°C3!

Applications are sought for R&D of novel cepts that will allow for rapid hydrogen refueling

of HD vehicles. Concepts proposed should adhere to the flow rate and temperature standards
of 10 kg/min (average) an@3°C at the point of dispensing within 30 seconds; however, viable
alternatives to tenperature standards will be considered. Proposed concepts can range in
scope from component to system level. Examples include, but are not limited to, chillers that
enable ondemand supply of cold hydrogen, shéerm intermediate cold storage, and systems
that circumvent hydrogen precooling.

Chiller concepts must describe the scalability of the design, maintenance requirements,
ambient operating temperature range, and expected cost. Concepts must target a cooling
power of at least 100 kW, with a stretchamf 300 kW.

Meters:

In order to accurately measure the mass of hydrogen dispensed at HD retail stations, new
highercapacity meters will be needed. This subtopic seeks the development of hydrogen gas
flowmeters with an accuracy of at least 5%, with etth goal of 2%, with repeatable results

over the entire flow range (up to 14 kg/min peak flow). The meters must be capable of
retaining a 5% accuracy during pressure and temperature fluctuations expected during a fill (up
to at least 950 bar and down td0 °C).

Flow control and shubff valves:

A supply chain for higfiow, highpressure components, such as flow control and sbifit

valves, will be necessary for station development. This subtopic seeks the development of these
flow control and shubff valves designed for compatibility with MD/Hieling station designs.

The necessary dimensions of these components will vary depending on the fuel flow rate and
pressure rating of the fuel dispensing system itself. To ensure the development of commercially
relevant concepts, applicants must partneith an industry stakeholder involved in the
development of MD/HD fueling stations or vehicles. The pressure rating, temperature rating,

31 Based on simulations of 7 kg/min fills with atBlck fleet comprising 60 kg storage onboard within the Heavy
Duty Refueling Station Analysis Model (HDRSAM). In this scenario, the cooling power requiredkisnapglso80
kW. While 10 kg/min is the ultimate target, concepts that can meet or at least approach this target are desired
and applicants should state the maximum rate they propose to achieve.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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dimensions, and uses of the components being developed must be described, rationale for
these specifications must be @rided, and the current statef-the-art must also be described.

Compressors/Cryopumps:

Compressor and cryopump concepts should target output pressures of at least 875 bar, and a
flow rate of 500 kg/hour, with a stretch goal of 1,000 kg/hour. EERE nmesydew applications

that target intermediate output pressures if a strong market viability justification is provided.
Applications should include detailed cost estimates of the proposed technology.

Proposed higHlow compressor/cryopump concepts shoulddat > 90% reliability and should
be designed to mitigate contamination of hydrogen fuel. To verify reliability, applications
should include prototype testing, including ledgration performance testing that measures
energy consumption and assesses raligh

Compressor and cryopump components (e.g., valves, diaphragms, pistons, and seals) must be
designed for aggressive mechanical loading in-pigissure hydrogen. In addition to an overall
focus on cost, flow rate, and reliability, proposed R&D maludecthe following:

1 Design of novel components (e.g., diaphragms, valves, pistons, and driving components)
to facilitate highflow operation;

1 Novel management of bedff to reduce the cryopump operating cost; and

1 Processes and technologies for manufactgrof largescale components.

Compressor concepts must include a description of key compressor metrics necessary to meet
the targeted flow rates (e.g., piston speed, displacement, etc.) and projected energy
consumption.

Subtopic 3A Project Structure:

Applicants should propose projects up to 3 years in length for a total DOE funding of $1,000,000
to $3,000,000 for each project. EERE intends to select 4 to 6 projects based on available funds
and proposed scope, with a preference for smaller more focusegio(~$1M/project) that
advance existing/most promising concepts of hitftw components. The funding requested

should be commensurate with the level of work proposed. Projects should be planned as two

or three multiphase efforts with a quantitative GNlb-Go decision point with specific criteria

and metrics separating each phase (each budget period should be approximately 12 to 18
months long). Projects must include at least 20% cost share consistent with R&D activities.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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Subtopic 3A Teaming Arrangement

Teams that include fueling component developers are strongly encouraged. For example, teams
that include industry partners that have previous experience in hydrogen and/or other (e.g.,
natural gas) fueling applications are preferred over applicatioas dio not. Partnerships with
domestic entities are strongly preferred, and a foreign work waiver will be required for any

work performed outside the United States (see Section IV.J.iii Performance of Work in the
United States for more information). Stropgeference is given to applicants with domestic
manufacturing capabilities and intent to manufacture in the United States.

Teams that include representation from diverse entities such as, but not limitéditarity
Serving Institutions (MSIs), includiHgstorically Black Colleges and Universities (HBCUs)/Other
Minority Institutions (OMIs¥? or through linkages with Opportunity Zorn@sire encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of applicant teams for this topic. The list allows organizations who may wish to
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partner List will be availaimehe HFTO websitat
https://www.energy.gov/eere/fuelcells/hydrogeand-fuel-celltechnologes-office-funding
opportunitiesunder FOA DIEEOA0002446 during the time of its release through its closing. The
Teaming Partner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who havevided their information. Any organization

that would like to be included on this list should submit the following information to
HFTOFOA@ee.doe.gov g A 1 K GKS &dzo2SO0 f A yFOAA0RAE YA Y T t

Topic Area(s) of InteresQrganization Name, Contact Name, Contact Address, Contact Email,
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a request to be included on the Teaming Partner List, the requesting organization
consents to the publication of the aboveferenced information. By facilitating this Teaming
Partner List, EERE does not endorse or otherwise evaluate thfcpians of the entities that
selfidentify themselves for placement on the Teaming Partner List. EERE will not pay for the

32 Minority Serving Institutions (MSIs), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.S. Department of Education, and identified on the OCR's Department of Education U.S.
I OONBRA (SR LI a i anStiugoy IRt Seditpsr7/ivwine® BdigoviaSoatfficks/list/ocr/edlite
minorityinst.html

33 Opportunity Zones were added to the Internal Revenue Code by section 13828 BaxhCuts and Jobs Act of
2017, codified at 26 U.S.C. 14aDZThe list of designated Qualified Opportunity Zones can be found in IRS
Notices201848 (PDFand 201942 (PDFE)Further, a visual map of the census tracts designated as Qualified
Opportunity Zones may also be found@pportunity Zones Resourceslso seefrequently asked questions
about Qualified Opportunity Zones.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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provision of any information, nor will it compensate any applicants or requesting organizations
for the development of such inforation.

Subtopic 3B: Validation of Highow Refueling Models

Subtopic 3B Introduction/Background:

A critical barrier to the deployment of headyty applications (trucks, rail, marine, etc.) is the
lack ofprotocols for highflow fueling. The accepteddustry-standardprotocolfor light duty
vehicles is SAE J2601, which establishes guidance for factors such as maximum flow rate, rate of
pressure increase, and temperatuMith thisprotocol, fueling heawduty applications (such
as Class 8 trucks) woubé too slow to meet industry and engser need$® R&D is necessary to
support the development of a highow fuelingprotocolwhich can achieve the targeted
average fill rate of 10 kg/minute.

Such higklow fuelingprotocols are currently in the early stages of development in the
international regulations, codes and standards (RCS) community. A number -dfoldtieling
models have been developed or are currently being developed, and R&Dianpalidate the
theoretical models (preferably reducemtder models) is a critical component to the
development of a scientifically defensible fuelimgtocol.

Subtopic 3B Description/Objective:

This subtopic seeks applications for experimental evadnaand validation of a fueling model
suitable for higHflow gaseous fueling processes. EERE seeks applications focused on fueling for
350 bar and 700 bar applications, in alignment with RCS development efforts. This topic is
aimed at identifying fuelingnecess characteristics to support the development of international
codes and standards for higlow gaseous fueling process control.

Applicants should describe plans to demonstrate validation of fueling models capable of
accurately simulating the relevatgchnical targets for 700 bar fueling (as outlined in the DOE
Technical Targets for Class 8 Trédkand350 bar fuelinglf other pressures (e.g. 500 bar) are
proposed, the applicants should provide strong jusdtion.

Given the limited availability of facilities capable of performingdalle experimental

validation, EERE is interested in mdale validation efforts for this subtopic. Ssitale

validation also allows for flexibility to adapt to varied védiand station configurations, as
components for higklow fueling are still in development as well. Applicants should
demonstrate that the sutscale results can be brought to full scale and should address the
range of conditions they intend to examine cbuas those conditions beyond the capabilities of
currently available hardware. Applicants should also address the extensibility of the validation
to applications beyond that examined in the scope of work.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.

34


https://epicweb.ee.doe.gov/
mailto:eere-epichelpdesk@ee.doe.gov?subject=EPIC

TP Office of ENERGY EFFICIENCY
EN J,_w;l% & RENEWABLE ENERGY

Applicants should consider existing fueling medesd well as those currently in development for
validation. Collaboration with international partners is encouraged. Model development should
only be proposed where necessary to fill critical gaps in model scope or capability, and
applicants should providgstification for including model development.

Applicants should describe planned efforts to engage with the RCS community to support the
development of international codes and standards for Highv gaseous fueling process

control. Applications shouldlso clearly describe reporting plans to make validation
methodologies and resulting data publicly available. This reporting should include:

1 Boundary conditions;

1 Results of model validation;

1 Scaling assumptions and calculations (if validation is peddrat subscale);

1 Operational space constraints (e.g., limitations for flows, temperatures, pressures,
vehicle or station storage capacities, etc.) in validated model(s); and

1 Model revisions and/or model(s) developed during the course of the work.

Subtopic 3B Project Structure:

Applicants should propose projects up to 3 years in length for a total DOE funding of $1,000,000
to $2,000,000 for each project. EERE intends to select 1 to 2 projects based on available funds
and proposed scope. The fundirgguested should be commensurate with the level of work
proposed. Projects should be planned as two or three npliase efforts with a quantitative
Go/No-Go decision point with specific criteria and metrics separating each phase (each budget
period shoull be approximately 12 to 18 months long). Projects must include at least 20% cost
share consistent with R&D activities.

Subtopic 3B Teaming Arrangements:

Industry led efforts are highly encouraged. Applicants should consider leveraging the world

classOF LI 6 Af AGASEA 27F 1 KS“ahdsBoldiengadeieledapt btdkehdldes.2 NI (0 2
Applications should detail: 1) the manner in which national laboratory capabilities will be

effectively leveraged (if used), and 2) proposed engagement of stakekdlelgy., hydrogen

providers, OEMs or other end users of hydrogen, state organizations, etc.) for work.

34 https://www.enerqgy.gov/nationallaboratories
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Teams that include representation from diverse entities such as, but not limitéditarity
Serving Institutions (MSIs), includiHgstorically BlacKolleges and Universities (HBCUs)/Other
Minority Institutions (OMISP, or through linkages with Opportunity Zoriéare encouraged.

EERE is compiling a Teaming Partner List to facilitate the widest possible national participation
in the formation of apptiant teams for this topic. The list allows organizations who may wish to
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicants and to explore potential partners.

The Teaming Partme.ist will be availablenthe HFTO websitat
https://www.energy.qov/eere/fuelcells/hydrogeand-fuel-celltechnologiesoffice-funding
opportunitiesunder FOA DEEOA0002446 during the time of its release through its closing. The
Teaming Partner List will be updated at least weekly until the close of the Full Application

period, to reflect new Teaming Partners who have provided theirmé&ion. Any organization

that would like to be included on this list should submit the following information to
HFTOFOA@ee.doe.gov 6 A 1 K G KS &dzm 2SO0 f AyFOANGORAE YAY I t | N

Topic Area(s) of InteresQrganization Name, Contact Name, Contact Address, Contact Email,
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a request to be included on the Teaming Paltrgty the requesting organization
consents to the publication of the aboveferenced information. By facilitating this Teaming
Partner List, EERE does not endorse or otherwise evaluate the qualifications of the entities that
selfidentify themselves for lacement on the Teaming Partner List. EERE will not pay for the
provision of any information, nor will it compensate any applicants or requesting organizations
for the development of such information.

Topic Area 4: Cost and Performance Analysis for Bietls, Hydrogen
Production, and Hydrogen Storage

A key component of the HFTO portfolio is a comprehensive set of analysis projects involving all
aspects of hydrogen and fuel cell technologies; including hydrogen production, delivery,
dispensing, andstor&)> | a Sttt | a FdzS8ft OStta FyR SyR dzas

35 Minority Serving Institutions (MSlIs), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.S. Department of Education, and identified on the OCR's Department ioihnBdiR:at
I OONBRAGSR LI2&alasS02y Rl NBttpiwv® MdgoviaSoat@fficksylist/dchedlitzi A 2y € A & @
minorityinst.html.
36 Opportunity Zones weradded tothe Internal Revenue Code by section 13823 of the Tax Cuts and Jobs Act of 2017, codified
at 26 U.S.C. 140aZ The list of designated Qualified Opportunity Zones can be found in IRS Nflit8£8 (PDFand
201942 (PDFE)Further, a visual map of the census tracts designated as Qualified Opportunity Zones may also be found at
Opportunity Zones Resourcasso seefrequently asked questiorsbout Qualified Opportunity Zones.
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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include a bottom up approach for projecting the costs of components and systems based on
performance characteristics. Through analysis work, HFTO seeks to define the currepnt-state

the-art in all areas, develop and refine system configurations and designs, provide guidance on

R&D gaps, and help to direct future R&D priorities. As H2@Scale enables a broadening of
KERNRISYyQa | LILIX AOFGA2Y 4&LJ O&ndbeavyduty Of dzZRS SYSNH
transportation, energy storage (e.g., data centers) and industrial applications (e.g.,
A0SStEYF{Ay3aos | 02y OdzZNNByidfe oNRIFRSNI a02LJS A&
appropriately match hydrogen technologies to various use caseseads. In this topic, HFTO

seeks cost and performance analysis projects under three subtopics, specifically aimed at fuel

cells, hydrogen production, and hydrogen storage.

For all subtopics, it is expected that cost analyses will include, but not bedinat literature

and patent reviews; component design evaluation with relevant tpiadties to ensure

sufficient detail to allow accurate definition of bill of materials and the associated costing; and
detailed Desigfior-Manufacturingand-Assembly (DFM)cost analysis. The recipient will be
expected to work with HFTO to obtain relevant technical information from thady

technology developers. The recipient is also expected to work with equipment vendors to
obtain relevant equipment manufacturing caamtd production volume data to be used in the
overall system cost analyses.

The analyses will include activities such as review of the status of selected technologies and
constituent components. Efforts may also include analysis of materials properties an
characterization, system level designs, safety procedures and testing, and subsystem and BOP
components as directed by HFT@ost model vildation will include definindpaseline costs
incorporating data from current industrgiccepted technologies, withFH O guidance and

approval. Relative to the baselines, analysis will be performed to determine sensitivities to
major cost drivers, such as capital expenses, feedstock costs, installation costs, and operations
and maintenance. At the conclusion, a repotishbe generated documenting the results of

the analyses, including sensitivity analyses along with standard tornado charts to demonstrate
critical correlation among the cost drivers.

All projects will be subject to evaluation by system develop@dependent peer review, and

the HFTO Annual Merit Review evaluation process. Results of the merit review will factor into
project continuation decisions through following years. The recipient will also be required to
present results as needed to relevaddOE and U.S. DR¥/Eechnology Team®roject

deliverables will include manufacturing cost estimates and analysis for complete systems of the
applicable technology; fuel cells, production, or storage. dpyaicant will provide HFTO with
comprehensive repas which will be made available to the public for each of the systems
analyzed, and at a minimum will include the following:

37 Information on USDRIVE can be foundhtap://www.uscar.org/guest/partnership/1/us
drivehttp://www.uscar.org/quest/partnership/1/usdrive
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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1.

Detailed system definition (including bill of materials) for the technology being analyzed
in the chosen subtopic (e.duel cels for heavyduty applications, hydrogen production
technologies, and hydrogen storage technologies, as described in subtopic descriptions
below).

Baseline technology assessments of current components and/or systems, with
validation of cost models based data from current industryaccepted representative
system designs.

Cost estimates, assumptions, key input parameters and associated data used in the
analyses; the sensitivity/uncertainty analyses and the associated range of uncertainties
used as well asationale for the selected ranges; and out year cost projections for
varying manufacturing volumes as directed by HFTO (with presentations and written
reports when requested).

Mathematical functions for scaling component cost as a function of componesigiale
specifications (e.g., stack cost as a function of voltage and current density at rated
power, or air blower cost as a function of pressure and flow rate). The functions will be
developed in consultation with the system performance modelers specifygdfrO as

a means to optimize system designs for lowest lifecycle cost.

Assistance in drafting of cost records on request by HFTO and as apprépriate.

Final report documenting the results, assumptions, and key input parameters and
associated data of theralyses including sensitivity analyses along with standard
tornado charts to demonstrate critical correlation among cost drivers.

Anticipated Funding and Award Details

Federal Max il
Tooic Area Total Anticipated Fundin Pro'e.ct Required
P Funding| Number of g € Non-Federal
per Duration
Level Awards Cost Share
Award VCES) %
Subbpic 4A: Fuel Cells $1.5M 1 $1.5 4 N/A
Subbpic 4B: Hydrogen $1M 1 $1M 3 N/A
Production
Subbpic 4C: Hydrogen Storagg $1M 1 $1M 3 N/A
Total: Up to 3
$3.5M

38 hitps://www.hydrogen.energy.gov/program_records.html

https://lwww.hydrogen.energy.gov/program_records.html
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Subtopic 4A: FueCells

Subtopic 4A Introduction/Background:

Applications are sought for fuel cell system teckeumnomic analyses for headyty and
mediumduty applications. The analyses will envision, define, and determine the cost of current
and future advanced fuelell systems for various sizes, applications, and manufacturing
volumes. The analyses should include a greupatost projection based on conceptual designs
and related costs of fuel cell system and component manufacturing equipment and processes.

There isa rapidly growing interest in the use of hydrogen fuel cells for transportation
applications, including heaxguty and mediumduty trucks, marine, and rail applications. Fuel
cells offer several advantages over incumbent technologies such as dieselsmyiheding

higher efficiency, reduced emissions with no tailpipe emissions, higher torque, and no noise
pollution. Additionally, they offer fast fueling and adequate fuel storage for applications
demanding longer range. In order to accelerate commemzatbn for heavyduty applications,

a credible and referenceable manufacturing cost estimate is required to accurately gauge the
status and the potential of the technology.

Subtopic 4A Description/Objective:

The applicant will be expected to conduct a lmoitup assessment of the projected current and
future costs (2025 and 2030) that are based on scenarios with the potential to meet HFTO
goals. Generating a rigorous cost estimate requires a thorough understanding of current
polymer electrolyte membrane fuekll (PEMFC) technology, as well as a rigorous design and
evaluation methodology, that when applied to the technology will yield optimized (on a

lifecycle cost basis) components and manufacturing processes. The assessment should include
reasonable assumpns of the durability that can be obtained by the fuel cell system, including
the costs associated with oversizing the initial fuel cell stack and any necessary system
mitigation strategies that would allow meeting durability targets.

¢ KS | LILI k0Odpg shanld inaludeNddetailed annual reference report on the cost of
heavy duty fuel cell systems for the following applications: class 8 ka#tyytrucks, class 4
mediumduty trucks, trains, and ferries. Ideally, the applicant will develop a fleribligel that
will easily allow for additional heaxduty applications, with the understanding that detailed
analysis of one system could be leveraged to do analyses of other applications (e.g., analyzing
class 5, 6, and 7 based on classes 4 and 8). Thg-Hagvanalysis should also be leveraged to
provide biannual updates to liglttuty vehicle cost estimates. The report must document the
cost of transportation technologies, reflecting technological advances made to date, and
provide a calculated cost peildwatt of the baseline fuel cell system that could be built with
present technology at several applicatioglevant production rates, with the volume to be
analyzed varying depending on particular applications (2af2, 500, 1,000, 10,000, 50,000,
and 100,000 systems per yeaifhe analysis will also include an examination of the capital
equipment specified in the annual system cost analysis, clarifying which equipment uses

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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existing manufacturing technologies and which equipment costs are higglercaoceptually
designed manufacturing methods. The risk of each proposed manufacturing process should be
assessed to identify processes that may benefit from further R&D as a method of risk reduction.
Manufacturing quality control measures necessary to ensiieehigh yields and low cost at

high annual production rates assumed in the cost analysis should be thoroughly examined and
included in the report. As a reference, prior cost analyses may be found under transportation
at: http://energy.gov/eere/fuelcells/fuelcelttechnicatpublications

In addition to the standard bottorup approach, the applicant will be expected to assist ir top
down techneeconomic analyses, led by natedraboratory analyses projects funded by HFTO.
In particular, the applicant will work with the Million Mile Fuel Cell Truck#®T) consortium to
assess the cost of advanced materials and components; optimize modeled system designs
projected to meet duraltity and performance requirements; and optimize the total cost of
ownership, based on system models that investigate unique system architectures and
hybridization schemes thanclude tradeoffs between durability, efficiency, and capital cost.
The resulof the top-down approach should be a streamlined, publically accessible model on a
website that allows users to evaluate the total cost of ownership for various applications based
on their own assumptions. RFCT will lead this effort, and the applicant should support this
work wherever possible.

Subtopic 4B: Hydrogen Production

Subtopic 4B Introduction/Background:

At the center of the H2@Scale initiative is the production of hydrogen from diverse domestic
resources across a variety of technology pathways. Understanding the potential of these

pathways to meeHFTO cost targets for diverse end uses (including-dugiity hydrogen used

as transportation fuel as well as different industrial applications)iieal. System and
O2YLRyYySyiunt S@St IylfteasSa 2F K@RNRISY LINRRdzOG A
current stateof-the-art; direct system configuration and design; identify R&D gaps; and help

direct future priorities.

Subtopic 4B Description/Objeste:

Applications are sought for comprehensive teckeammnomic analyses of distributednd/or
centralizedhydrogen production pathway$that include, but are not limited to: waste and/or
biomass conversion technologies; high and low temperature elecisplgslar thermochemical

and photoelectrochemical water splitting; and other innovative concepts as requested by HFTO.
Production pathways that enable emerging hydrogen end uses, such asdhagvy

transportation, grid resiliency, data centers, and stedting, are of particular interest.

39 Distributed assumes 1,500 k¢y/day and Central assumes 50,00GHgday.
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The applicant will be expected ferform a thorough cost analysis for the chosen hydrogen
production pathway, including componerdnd systerdevel assessments of the hydrogen
generation equipment with associatdzhlanceof-plant (BOP). This will include assessing the
current state of the hydrogen production technology, incorporating current manufacturing
costs and volumes of both systems and components, and identifying key barriers limiting
production scale up. W&ing with original equipment manufacturers, researchers, and other
analysis teams, applicants will be expected to assess the potehaald associated costs for
current status as well as increased production volumes ir20f5 timeframe and beyond
Applicants also will be required to incorporate assessments of any feedstock procurement and
pre-treatment costs (including the additional BOP needed fortpeatment). Considerations
should include costs associated with feedstocks at the national, regemélocal levels.

Applicants for this subtopic are also expected to identify specific requirements and parameters

for different end uses (e.g., fuel cells for transportation and power generation compared with
industrial/chemical processes, which canueg hydrogen of different purity levels, pressure,

etc.). Specific endse considerations may include but are not limited to footprint; duty cycles;
hydrogen storage needs; dryer and purification requirements; compressor needs; and

dispenser requirementsThe analysis is expected to focus on evaluating a hydrogen production
G§SOKy2t238Qa LRGSY(GALrt FT2NJ YSSGAy3 1 Ce¢h GFNBS
the hydrogen produced becomes a viable and @ustpetitive option for the identified

applicdion, including cost issues related to component/system manufacturing, operational
maintenance and replacement requirements.

Analysis efforts related to hydrogen production pathways are expected to leverage the most

recent version of Hydrogen Analysis A423.2018Y( 2 S @I f dzZt §S GSOKy2f 238 m3
production cost status as a function of production volume; and to identify potential cost

reductions based on sensitivity analyses, specifically to quantify the improvements possible

through technology dvancements. Updates to previougdyblished technologygpecific H2A

case studies, which are publicly availaBienay also be needed, as per HFTO directive.

Subtopic 4C: Hydrogen Storage

Subtopic 4C Introduction/Background:

For widespread adoption, arhydrogen storage system must be competitive with alternative
technology options in terms of performance and cost. As new applications for hydrogen
emerge, such as for medium and healyty transportation (e.g., trucks, rail, marine),
stationary energy stage (e.g, data centers), industrial (e.g., steel manufacturing), alternative
types of hydrogen storage to the traditional 700 bar technology first utilized on-digtyt

vehicles are gaining attention. These other storage options include bulk compragséti, |

40 H2Ais a discounted castiow model providing transparent reporting of process design assumptions and a
consistent cost analysis methodology for hydrogen production at central and distributed facilities.
41 The H2A Production Case Studies can be foundts://www.hydrogen.energy.gov/h2a_production.html
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materialsbased, and hydrogen carriers. Analysis is needed to identify the cost besrefits
drawbacks of various storage options for each new application solutions

Subtopic 4C Description/Objective:

Applications are sought for techreconomic andife-cycle assessment analyses of advanced
hydrogen storage technologies. The techsmmnomic analyses should include a bottom
assessment of the projected future costs (2025 and beyond), at low throughvbigme
manufacturing of hydrogen storage syste with comparisons to HFTO cost targets and
identification of primary contributors in need of further development for cost reduction.
Hydrogen storage systems to be considered span a large range of sizes and techndtogies
smaller compressed systemg fanboard use to large liquid systems for bulk stationary storage
(e.g. for data centers, industrial end uses, etc.). The analyses will need to include developing
manufacturing costs for innovative system components, such as alternative fibers, advanced
fiber composites, novel hydrogen storage materials and systems, or equipment to carry out
hydrogenation/dehydrogenation of hydrogen carriers. The hydrogen storage systems will be
based primarily on system process designs and specifications from g#rigd The system
specifications and designs will be based on referenceable system models. The cost analysis will
also consider and include material disposal requirements, as well as validation of spent fuel
regeneration and first fill fuel costs.

Generating aigorous cost estimate requires a thorough understanding of currently used
hydrogen storage systems and proposed technologies for a range of applications at all scales
(e.g., 350 bar, 700 bar, liquid hydrogen, eommpressed storage, adsorbent materialv
temperature metal hydride, complex metal hydride, and hydrogen carriers); specific
requirements of current and early market end use applications; balafiggant (BOP)

component requirements; and all associated manufacturing processes. These system co
analyses should be based on hydrogen storage system measurements that have been
previously verified or on welletted projections of performance for proposed and developing
technologies. The impact of the variation of hydrogen storage performance ¢slvosid be
analyzed, quantified, and documented.

Topic4 Project Structure:

Applicants should proposeykar projects for total DOE funding of up to $1,500,000 for topic
4a, and 3year projects for total DOE funding up to $1,000,000 for topics 4b anthcfunding
request should be commensurate with the level of work proposed. Projects should be planned
as 34 multiphase efforts (depending on the duration of the project) with a GefBimdecision
point separating each phase (budget period). Each pfiasgget period) should be planned for
approximatelyl2to 18 months. Applicants should provide project work plans with strong
guantitative Go/NeGo decision points including clear metrics that demonstrate progress in
developing assessment of the hydrogedustry, targeting the metrics given in the previous
section, as applicable. Projects are not required to provide cost share.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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Topic 4 Teaming Arrangements:

Teams that include representation from diverse entities such as, but not limitéditarity
Serving Institutions (MSIs), includiHgstorically Black Colleges and Universities (HBCUs)/Other
Minority Institutions (OMIs}? or through linkages with Opportunity Zorfégre encouraged.

EERE is compiling a Teaming Partner List to facilitate the vpdssible national participation

in the formation of applicant teams for this topic. The list allows organizations who may wish to
participate in an application, but do not wish to apply as the Prime applicant, to express their
interest to potential applicats and to explore potential partners.

The Teaming Partner List will be availadmehe HFTO websitat
https://www.energy.gov/eere/fuetells/hydrogerand-fuel-celltechnologiesoffice-funding
opportunitiesunder FOA DEEOA0002446 during the time of its release through its closing. The
Teaming Partner List will be updated at least weekly until the close of the Full Application
period, toreflect new Teaming Partners who have provided their information. Any organization
that would like to be included on this list should submit the following information to
HFTOFOA@ee.doe.gov ¢ A (i K { K S eafmidgoPar® e (nformadtigh®A0000446 Y

Topic Area(s) of InteresQrganization Name, Contact Name, Contact Address, Contact Email,
Contact Phone, Organization Type, Area of Technical Expertise, and Brief Description of
Capabilities.

By submitting a requa to be included on the Teaming Partner List, the requesting organization
consents to the publication of the aboveferenced information. By facilitating this Teaming
Partner List, EERE does not endorse or otherwise evaluate the qualifications ofithess ¢inat
seltidentify themselves for placement on the Teaming Partner List. EERE will not pay for the
provision of any information, nor will it compensate any applicants or requesting organizations
for the development of such information.

All work underEERE funding agreements must be performed in the United States. See Section
IV.J.iii. and Appendix C.

42 Minority Serving Institutions (MSls), including HBCUs/OMIs as educational entities recognized by the Office of
Civil Rights (OCR), U.g&pbBrtment of Education, and identified on the OCR's Department of Education U.S.
I OONBRAGSR LI2&alasSo2y Rl NBttpivwv® MdgoviaSoat@ffickssiideriedigzi A 2y f A & G @
minorityinst.html.
43 Opportunity Zones weradded to the Internal Revenue Code by section 13823 of the Tax Cuts and Jobs Act of 2017, codified
at 26 U.S.C. 140aZ The list of designated Qualified Opportunity Zones can be found in IRS Nflit8£8 (PDFand
201942 (PDFE)Further, a visual mapf the census tracts designated as Qualified Opportunity Zones may also be found at
Opportunity Zones Resourcasso seefrequently asked questiorsbout Qualified Opportunity Zones.
Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
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B. Applications Specifically Not of Interest

The following types of applications will be deemed nonresponsive and will not be
reviewed or consideredSgeSection Ill.Dof the FOA):

1 Applications that fall outside the technical parametspecified inSection |.A.
and 1.Bof the FOA.

1 Applications for proposed technologies that are not based on sound scientific
principles (e.g., violates the laws oftimodynamics).

1 Subtopic 1AProposals for solid oxide fuel cells, molten carbonate fuel cells,
phosphoric acid, polybenzimidazetgpe phosphorieacid fuel cells, and
alkaline anion exchange fuel cells, will not be considered. Also, proposals that
rely onthe extensive use of precious metals and system mitigation approaches
to enhance durability will not be considered.

1 Subtopic 1BProposaldor blowers more suitable to supply air to stationary
fuel cell systems andir managementomponents designed for dgin
temperature fuel cells, including solid oxide fuel cells and molten carbonate
fuel cells, will not be considered.

1 Subtopic 2AEERE is not interested in projects specifically addressing low
temperature electrolyzers (e.g., PEM and alkaline (includiniy bonventional
KOH and alkaline exchange membrane)). Projects focused on new materials
development are also not of interest. In addition, EERBtisterested in BOP
components other than power electronics for this topic.

1 Subtopic 2BPathways specifically not considered in tuipic include
biological processes that utilize sunlight energy such as photolytic or
photofermentative systems; these applications will be considered
nonresponsive. Applications specifically designed for amdahstrated
exclusively on fossilased waste streams are not of interest.

1 Subtopic 3AComponents that are not currently viable at high flow rates (such
as metal hydride and electrochemical compressors) are not of interest

1 Subtopic 3B:EERE is not intested in applications proposing modeling efforts,
except where justified to fill critical gaps as described above. Additionally,
EERE does not seek applications proposing to build commercial fueling
infrastructure.

C. Authorizing Statute

The activities supported by this FOA are authorized under the Energy Policy Act of
2005 (EPACT 2005) Public Law-389Aug. 5, 2005), Title VIHYDROGEN, Sections
801 to 816. These provisions are found in the United States Code at 42 U.S.C. 88
16151 t016165. Title VIl authorizes the Secretary of Energy to conduct a program of
research, development and demonstration on technologies relating to the
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production, purification, distribution, storage, and use of hydrogen energy, fuel cells,
and related infratructure.

Awards made under this announcement will fall under the purview Gbée of
Federal RegulatiorCFRPart 200 as amended by 2 CFR Part 910.

Il. Award Information

A. Award Overview

I.  Estimated Funding
EERE expects to make a total of approxim&k8ly,500,00mf federal funding
available for new awards under this FG#8,500,000 from HFTO, $5,000,000
from AMO, alkubject to the availability of appropriated funds. EERE anticipates
making approximatel6 to 24 awards under this FOA. EERE may issue one,
multiple, or no awards. Individual awards may vary betw®&©000,000and
$5,000,000

EERE may issue awards in one, multiple, or none of the following topic areas:

Anticipated | Anticipated .
- . Approximate
Minimum Maximum Total Anticipated
Topic Anticipated | Award Size| Award Size 1P
. . Federal Period of
Area Topic Area Title Number of | for Any One| for Any One :
o . Funding Peformance
Number Awards Individual Individual .
Available for | (months)
Award (Fed | Award (Fed Al Awards
Share) Share)
1A Fuel Cell R&D for 2-4 $1,000,000 | $2,000,000 | $4,000,000 | 36
HeavyDuty
Applications; Low
Cost, Durable Bipolai
Plates
1B Fuel Cell R&D for 2-4 $1,000,000 | $2,000,000 | $4,000,000 | 36
HeavyDuty
Applicationsg
Innovative, LowCost
Air Management
Components
2A Efficient and 2-3 $3,000,000 | $5,000,000 | $10,000,000 | 36
Innovative Hydrogen
Productiong H2ZNEW
- High Temperature
Electrolysis
2B Efficient and 2 $1,000,000 | $1,000,000 | $2,000,000 | 36
Innovative Hydrogen
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Productiong
Innovative
Biological/Waste to
Hydrogen

3A Highflow Fueling 4-6 $1,000,000 | $3,000,000 | $8,000,000 | 36
Applicationsg
Domestic Supply
Chain for HigHlow
Hydrogen Fueling
Stations

3B Highflow Fueling 1-2 $1,000,000 | $2,000,000 | $2,000,000 | 36
Applicationsg
Validation of High
flow Refueling

Models

4A Heavy Duty Fuel Cell| 1 $1,500,000 | $1,500,000 | $1,500,000 | 48
Cost Analysis

4B Hydrogen Production| 1 $1,000,000 | $1,000,000 | $1,000,000 | 36
Cost Analysis

4C Hydrogen Storage | 1 $1,000,000 | $1,000,000 | $1,000,000 | 36

Cost Analysis

EERE may establish more than one budget period for each award and fund only
the initial budget period(s). Funding for all budget periods, including the initial
budget period, is not guaranteed. Before the expiration of the initial budget
period(s), EERE may perform a desalect among different recipients and

provide additional funding only to a subset of recipients.

ii. Period of Performance
EERE anticipates making awards that willfrom 24 monthsup to 48 monthsin
length, comprised of one or more budget periods. Project continuation will be
contingentuponseveral elements, includirgatisfactory performance and
Go/No-Go decision review. For a complete IsteSection VI.B.xiAtthe
Go/No-Go decision point&ERE will evaluate project performance, project
schedule adherence, the extent milestone objectives are met, compliance with
reporting requirements, and overall contribution to the program goals and
objectives. As a result of this evaluation, EERE malg, discretion, authorize
the following actions: (1) continue to fund the project, contingent upon the
availability of funds appropriated by Congress for the purpose of this program
and the availability of futurgear budget authority; (2) recommend reédation
of work under the project; (3) place a hold on federal funding for the project,
pending further supporting data or funding; or (4) discontinue funding the
project because of insufficient progress, change in strategic direction, or lack of
funding.
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. . . Estimated Duration of
Topic Area Number | Topic Area Title Award (months)
1A Fuel Cell R&D for Healputy 36
Applications; Low-Cost, Durable
Bipolar Plates

1B Fuel Cell R&D for Heabuty 36
Applications; Innovative, LowCost Air
Management Components

2A Hydrogen ProductionH2NEW High | 36
Temperature Electrolysis

2B Hydrogen Productionlnnovative 36
Biological/Waste to Hydrogen

3A Hydrogen Infrastructure: Domestic 36
Supply Chain for Higftow Hydrogen
Fueling Stations

3B Hydrogen Infrastruire: Validation of | 36
Highflow Refueling Models

4A Heavy Duty Fuel Cell Cost Analysis | 48

4B Hydrogen Production Cost Analysis | 36

4C Hydrogen Storage Cost Analysis 36

lii. New Applications Only
EERE will accept only new applications under this FOA VRER®E consider
applications for renewals of existing EEREded awards through this FOA.

B. EERE Funding Agreements

Through cooperative agreements and other similar agreements, EERE provides
financial and other support to projects that have the potential to realize the FOA
objectives. EERE does not use such agreements to acquire property or services for
the direct beneit or use of the United Stategpvernment.

I.  Cooperative Agreements
EERE generally uses cooperative agreements to provide financial and other
support to prime recipients.

Through cooperative agreements, EERE provides financial or other support to
accomplis a public purpose of support or stimulation authorized by federal
statute. Under cooperative agreements, the government and prime recipients
share responsibility for the direction of projects.

EERE has substantial involvement in all projects fundeduj@ecative
agreement.SeeSection VI.B.igf the FOA for more information on what
substantial involvement may involve.
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ii.  Funding Agreements with Federally Funded Research and

Development Center (FFRDCs)

In most cases, FFRDCs are funded indegety of theremainder of the project
team. The FFRDC then executesigreement with any noirFRDCrpjectteam
members to arrange work structure, project execution, and any other matters.
Regardless of these arrangements, the entity that applied as the prime retipie
for the project will remain the prime recipient for the project.

1. Eligibility Information
¢t2 0S O2yaARSNBR T2N) adzoadlyiAodsS SgFftdzZ GAz2
criteria set forth below. If the application does not meet thedigibility requirements, it
will be consideredneligible andemoved from further evaluation.

A. Eligible Applicants

I.  Individuals
U.S. citizens and lawful permanent residents are eligible to apply for fundimg as
prime recipientor subrecipient

ii. Domestic Entities
Forprofit entities, educational institutions, and nonprofits that are incorporated
(or otherwise formed) under the laws of a particutate or territory of the
United States and have a physical location for business operations in the United
States are kgible to apply for funding as a prime recipient or subrecipient.
Nonprofit organizations described in section 501(c)(4) of the Internal Revenue
Code of 1986 that engaged in lobbying activities after December 31, 1995 are
not eligible to apply for funding

State, local, and tribal government entities are eligible to apply for funding as a
prime recipient or subrecipient.

DOE/NNSA FFRDCs are eligible to apply for fundingudsecipientbut are not
eligible to apply as a prime recipient

NonDOE/NNSAFRDCs are eligible to apply for funding as a subrecipient, but
are not eligible to apply as a prime recipient.

Federal agencies and instrumentalities (other than DOE) are eligible to apply for
funding as aubrecipient but are not eligible to apply aspgime recipient
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lii. Foreign Entities
Foreign entities, whether feprofit or otherwise, are eligible to apply for funding
underthis FOM G KSNJ GKFYy a4 LINPBARSR Ay GKS 4Ly
OYGAGASas a Pinkeledpedtsreceividgdidng under this FOA
must be incorporated (or otherwise formed) under the laws sfede or
territory of the United Stateand have a physical location for business
operations in the United State#f a foreign entity applies for funding apiame
recipient it must designate in the Full Application a subsidiary or affiliate
incorporated (or otherwise formed) under the laws aftate or territory of the
United States to be thprime recipient The Full Application must state the
nature of the corpoate relationship between the foreign entity and domestic
subsidiary or affiliate.

Foreign entities may request a waiver of the requirement to designate a

subsidiary in the United States as t@me recipientin the Full Application (i.e.,

a foreign entity may request that it remains tpeme recipienton an award). To

do so, theapplicantmust submit an explicit written waiver request in the Full

Application Appendix Jiststhe necessary information that nstibe included in

a request to waive this requirementhe applicant does not have the right to

FLILISEFE 99w9Qad RSOAAAZ2Y O2yOSNYAYy3 | & A

In the waiver request, the applicant must demonstrate to the satisfaction of
EERE that it would further thgurposes of this FOA and is otherwise in the
economic interests of the United States to have a foreign entity serve as the
prime recipient EERE may require additional information before considering the
waiver request.

A foreign entity may receive fumtlj as asubrecipient

iv. Incorporated Consortia
Incorporated consortia, which may include domestic and/or foreign entities, are
eligible to apply for funding asmime recipientor subrecipient For consortia
incorporated (or otherwse formed) under théaws of a tate or territory of the
''YAGSR {GFrGdSasx LX SIFIAS NBFSNI G2 a52YSada
AYO2NLIR2 NI GSR Ay F2NBAIYy O2dzy GNASasz LI St
OyiAGASas 02050

Each incorporated consortium must have an inter@ernance structure and a
written set of internal rules. Upon request, the consortium must provide a
written description of its internal governance structure and its internal rules to
the EERE Contracting Officer.
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V.

Unincorporated Consortia

UnincorporatedConsortia, which may include domestic and foreign entities,
must designate one member of the consortium to serve agtirae
recipientconsortium representative. Thprime recipienfconsortium
representative must be incorporated (or othesei formed) unér the laws of a
state or territory of the United States. The eligibility of the consortium will be
determined by the eligibility of therime recipientconsortium representative
under Section 1l.Aof the FOA.

Upon request, unincorporated consortia must provide the EERE Contracting

Officer with a collaboration agreement, commonly referred to as the articles of
collaboration, which sets out the rights and responsibilities of each consortium
member. This agreement binds tiredividual consortium members together and
aK2dzZ R RAaOdzaas FY2y3a 20KSNJ dKAy3azx (KS

Management structure;

Method of making payments to consortium members;

aSlya 2F SyadaNAy3 IyR 20SNASSAYy3a YSYo
ProvisionsfoY¥ SY6O SNB Q 024G aKFINAy3I O2y il NRO dzi
Provisions for ownership and rights in intellectual property developed

previously or under the agreement.

= =4 -4 4 -4

B. Cost Sharing

Topic Areas A, 1B, 2A, 2B, 3A, and 3B: The cost share must be at least 20% of the
total allowable costs for research and development projects (i.e., the sum of the
government share, including FFRDC costs if applicable, and the recipient share of
allowable costs equals the total allowable cost of the project) and must come

from nonfederal souces unless otherwise allowed by law. (See 2 CFR 200.306
and 2 CFR 910.130 for the applicable cost sharing requirements.)

Topic Areas A, 4B, and 4C Cost sharing is not required under this FIOA
analysis activities

Topic Area Number Topic Area Title Cost Share Requiremer

1A Fuel Cell R&D for Heavy | 20%
Duty Applicationg, Low
Cost, Durable Bipolar
Plates

1B Fuel Cell R&D for Heavy | 20%
Duty Applicationg,
Innovative, LowCost Air
Management Components
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2A Hydrogen Production 20%
H2NEW High
Temperature Electrolysis
2B Hydrogen Production 20%
Innovative
Biological/Waste to
Hydrogen

3A Hydrogen Infrastructure: | 20%
Domestic Supply Chain for
Highflow Hydrogen
Fueling Stations
3B Hydrogen Infrastructure: | 20%
Validation of HigHlow
RefuelingModels

4A Heavy Duty Fuel Cell Cost] Cost Sharing Not
Analysis Required

4B Hydrogen Production Cost] Cost Sharing Not
Analysis Required

4C Hydrogen Storage Cost | Cost Sharing Not
Analysis Required

To assist applicants in calculating proper @sre amounts, EERE has included a
cost share information sheet and sample cost share calculation as Appendices A
and B to this FOA.

I. Legal Responsibility
Although the cost share requirement applies to the project as a whole, including
work performed by members of therojectteam other than theprime recipient
the prime recipientis legally responsible for paying the entire cost share. If the
funding agreenent is terminated prior to the end of the project period, the
prime recipientis required to contribute at least the cost share percentage of
total expenditures incurred through the date of termination.

Theprime recipientis solely responsible for managing cost share contributions
by theprojectteamand enforcing cost share obligation assumedhgject
teammembers in subawards or related agreements.

ii. Cost Share Allocation
Eachprojectteamis free to determine how besbtallocate the cost share
requirement among the team members. The amount contributed by individual
projectteammembers may vary, as long as the cost share requirement for the
project as a whole is met.
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iii. Cost Share Types and Allowability
Every cost shareoatribution must be allowable under the applicalilderal
cost principles, as describ&uSection IV.1.of the FOAIn addition, cost share
must be verifiable upon submission of the Full Application.

Projectteamsmay provide cost share in the form of cash ekind
contributions.Cost sharenay be provided by thprime recipient subrecipients
or third parties (entities that do not have a role in performing the scope of
work). Vendorstontractorsmay not providecost shareAny partial donation of
goods or services is considered a discount and is not allowable.

Cash contributiongclude, but are not limited topersonnel costs, fringe costs,
supply and equipment costs, indirect costs and other direct costs.

In-kind contributions are those where a value of the contribution can be readily
determined, verified and justified but where no actual cash is transacted in
securing the good or service comprising the contributidihowable inkind
contributions includebut are not limited toithe donation of volunteer time or

the donation of space or use of equipment.

Project teams may use funding or property received from state or local
governments to meet the cost share requirement, so long as the funding was not
provided to the state or local government by tfederalgovernment

Theprime recipientmay not use the following sources to meet its cost share
obligations including, but not limited to:

1 Revenues or royalties from the prospective operation of an actbagond
the project period;

Proceeds from the prospective sale of an asset of an activity;

Federal funding or property (e.dederalgrants, equipment owned by the
federalgovernmeny; or

1 Expenditures that were reimbursed under a separaderalprogram

il
T

Projectteamsmay not use the same cash orkimd contributions to meet cost
share requirements for more than one project or program.

Cost share contributions must be specified in the project budget, verifiable from
the primerS O A LJke8oytls, 8nél neessary and reasonable for proper and
efficient accomplishment of the project. As all sources of cost share are
considered part of total project cost, the cost share dollars will be scrutinized
under the samdederalregulations agederaldollars to the poject. Every cost
share contribution must be reviewed and approved in advance by the
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Contracting Officer and incorporated into the project budget before the
expenditures are incurred.

Applicants are encouraged to refer to 2 CFR 200.306 as amended By 2 CF
910.130 for additional cost sharimgquirements

Iv. Cost Share Contributions by FFRDCs
Because FFRDCs are funded byfélderalgovernment costs incurred by FFRDCs
generally may not be used to meet the cost share requirement. FFRDCs may
contribute costshare only if the contributions are paid directly from the
O2y (NI OG2NXa al yI 3SHEEBourceSS 2NJ I y2 3 KSNJ

v. Cost Share Verification
Applicants are required to provide written assurance of their proposed cost
share contributions in their Full Apgations.

Upon selection for award negotiations, applicants are required to provide
additional information and documentation regarding their cost share
contributions. Pleaseefer to Appendix Aof the FOA.

vi. Cost Share Payment
EERE requirgsime recipientsto contribute the cost share amount
incrementally over the life of the award. Specificathg primerS O A LIEdSty (i Q &
share for each billing period must always reflect the overall cost share ratio
negotiated by the partie§.e., the total amounhof cost sharing on each invoice
when considered cumulatively with previous invoices must reflect, at a
minimum, the cost sharing percentage negotiate®y FFRDC funding will be
provided directly to the FFRDC(s) by D@ife recipientswill be requiredto
provide project cost share at a percentage commensurate with the FFRDC costs
on a budget period basis, resulting in a higher interim invoicing cost share ratio
than the total award ratio.

LYy fAYAOGSR OANDdzvaidlyOSaz FyR gKSNB Al
Contracting Officer may approve a request by ghiene recipientto meet its

cost share requirements on a less frequent basis, such as monthly or quarterly.
Regardless of thmterval requested, therime recipientmust be upto-date on

cost share at each interval. Such requests must be sent to the Contracting Officer
during award negotiations and include the following information: (1) a detailed
justification for the request(2) a proposed schedule of payments, including
amounts and dates; (3) a written commitment to meet that schedule; and (4)

such evidence as necessary to demonstrate thatgtee recipienthas

complied with its cost share obligations to date. The ContngoDfficer must

approve all such requests before they go into effect.
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C. Compliance Criteria
Concept Papers, Full Applications, and Replies to Reviewer Comnmeuss
meet allcompliancecriteria listed below or they will be considered
noncompliant. EERE wiliot review or consider noncompliant submissions
includingConcept Papers, Full Applications, and Replies to Reviewer Comments
that were: submitted through means other th&PICsubmitted after the
applicable deadline; and/or submitted incomplete. EEREnt extend the
submission deadline for applicants that fail to submit required informatipthe
applicable deadlin€ue to server/connection congestion.

I.  Compliance Criteria

1. Concept Papers
Concept Papers are deemed compliant if:
1 The Concept Papepmplies with the content and form requirements
in Section IV.(f the FOA; and
1 The applicant successfully uploaded all required documents and
Of AO1 SR (KS dEPIbYy tfe\déadline staiedii this FOA.

2. Full Applications
Full Applications ardeemed compliant if:
1 The applicant submitted aompliantConcept Paper
1 The Full Application complies with the content and form
requirements inSection IV.Dof the FOA; and
1 The applicant successfully uploaded all required documents and
Of A0O1 SR (KS dEPUbLY tfid\déadline stiziedii thie FOA.

3. Replies to Review&omments
Replies to Reviewer Comments are deemed compliant if:
1 The Reply to Reviewer Comments congpligth the content and
form requirements inSection IV.Eof the FOA; and
1 The applicant successfully uploaded all required documenEPiC
by the deadline stated in the FOA.

D. Responsiveness Criteria
LEf a! LI AOFKGA2ya { LdBLrbddisettiontl.8ofthe2 & 2F Ly
FOA, are deemed nonresponsive and are not reviewed or considered.

E. Other Eligibility Requirements
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I.  Requirements for DOE/NNSA and n@@OE/NNSA Federally Funded

Research and Development Centers Included as a Subrecipient
DOENNSA and ncidOE/NNSA FFRDCs may be proposedidsecipienton
FY20KSNI SydAadeQa LI AOFGA2Yy &adzoa2SOG G2

1. Authorization for noDOE/NNSA FFRDCs
Thefederalagency sponsoring the FFRDC must authorize in writing the use
of the FFRDC on the proposed project and this authorization must be
submitted with the application. The use of a FFRDC must be consistent with
its authority under its award.

2. Authorization for DOE/NNSA FFRDCs
The cognizant Contracting Officer for the FFRDC nuikbeze in writing the
use of the FFRDC on the proposed project and this authorization must be
submitted with the application. The following wording is acceptable for this
authorization:

Authorization is granted for the Laboratory to participate in the
proposed project. The work proposed for the laboratory is consistent
with or complementary to the missions of the laboratory, and will not
adversely impact execution of the DOE assigned programs at the
laboratory.

3. Value/Funding
The value of and funding feine FFRDC portion of the work will not normally
be included in the award to a successful applicant. Usually, DOE will fund a
DOE/NNSA FFRDC contractor through the DOE field work prépd3gl
system and nofDOE/NNSA FFRDC through an interagency agreenmitant
the sponsoring agency.

4. Cost Share
Although the FFRDC portion of the work is usually excluded from the award

62 I &dz00Saa¥Fdz | LW AOIYyGS GKS | LILIX AO!I
oFlaSR 2y GKS Gz2dart O02aid 27FthaiKS LMEBSO&
éd@MBOkaSﬁ&SéECWS/Qé L2NIA2ya 2F GKS

5. Responsibility
Theprime recipientwill be the responsible authority regarding the
settlement and satisfaction of all contractual and administrative issues
including, but not limited to disputeand claims arising out of any agreement
between theprime recipientand the FFRDC contractor.
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6. Limit on FFRDC Effort
The FFRDC effort, in aggregate, shall not excegebb€he total estimated
O02al 2F (GKS LINR2SO0I AYyODARRIHIARKE A RIE
effort.

F. Limitation on Numberof Concept Papers and Full
ApplicationsEligible for Review

An entity may submit more than one Concept Paper and Full Application to this
FOA, provided that each application describes a unigcientifically distinct

project and provided that an eligible Concept Paper was submitted for each Full
Application.

G. Questions Regarding Eligibility
EERE will not make eligibility determinations for potential applicants prior to the
date on which applicabns to this FOA must be submitted. The decision whether
to submit an application in response to this FOA lies solely with the applicant.

V.  Application and Submission Information

A. Application Process
The application process will includeo phases: a Conpé Paper phase and a Full
Application phaseOnly applicants who have submitted an eligible Concept
Paper will be eligible to submit a Full Application

At each phase,ERE performs an initial eligibility review of the applicant
submissions to determine lvether they meet the eligibility requirements of
Section IIbf the FOA. EERE will not review or consider submissions that do not
meet the eligibility requirements dection ILIAll submissions must conform to
the following form and content requirementscluding maximum page lengths
(described below) and must be submitted &RIGt https://epicweb.ee.doe.goy
unless specifically stated otherwifieis recommended to use the Google Chrome
browser for EPICEEERE will not review or consider submissions submitted
through means other tharEPIC submissions submitted after the applicable
deadline,or incomplete submissionsEERE will not exterkadlinesfor

applicants who fail to submit required information andaiments duea
server/connection congestion.

A Qontrol Number will be issued when an applicant begins telGpplication
process. This control number must be included wittagfilicationdocuments, as
described below.
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TheConcept Paper, Full Appligatt, and Reply to Reviewer Commentast
conform to the following requirements:

1 Each must be submitted in Adobe PDF format unless stated otherwise

1 Each must be written in English

1 All pages must be formatted to fit on 8.5 x 11 inch paper with margins not less
than one inch on every side. U€alibritypeface, a black font color, and a font
size of 12 point or larger (except in figures or tables, which may be 10 point
font). A symbofont may be used to insert Greek letters or special characters,
but the font size requirement still applies. References must be included as
footnotes or endnotes in a font size of 10 or larger. Footnotes and endnotes
are counted toward the maximum pageq@rement

1 The Control Number must be prominently displayed on the upper right corner
of the header of every page. Page numbers must be included in the footer of
every pageand

1 Each submission must not exceed the specified maximum page limit, including
cover page, charts, graphs, maps, and photographs when printed using the
formatting requirements set forth above and single spaced. If applicants
exceed the maximum page lengths indicated below, EERE will review only the
authorized number of pages and ddgiard any additional pages.

Applicants are responsibfer meeting each submission deadlifgplicants are
strongly encouraged to submit their Concept PapgFsill Applications and
Replies to Reviewer Commentd least 48 hours in advance of the submiss
deadline Under normal conditions (i.e., at least 48 hours in advance of the
submission deadline), applicants should allow at least 1 hour to subBonaept
Paper, Full Applicatiomyr Replyto Reviewer Comment®nce theConcept Paper,
Full Applicaibn, or Replyto Reviewer Commenis submitted inEPICapplicants
may revise or update that submission until the expiration of the applicable
deadline. If changes are made to any of these documents, the applicant must
resubmit theConcept Paper, Full Ajigation,or Replyto Reviewer Comments
before the applicable deadline.

EERE urges applicants to carefully review tBemcept Papers, Full Applications,
and Replies to Reviewer Commetdsallow sufficient time for the submission of
required informationand documents. All Full Applications that pass the initial
eligibility review will undergaomprehensive technical merit review according to
the criteriaidentified inSection V.A.iof the FOA.

i. Additional Information onEPIC
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Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Should applicants experience problems wHRICthe following information may
be helpful.

Applicants that experience issues with submisdrRIRIORo the FOA deadline: In
the event that an applicant experiences technical difficulties with a submission,
the applicantshould contact theePI(helpdesk for assistancedre-
epichelpdesk@ee.doe.gpvlheEPItelpdesk and/or theEPIGystem
administrators will assispplicantsin resolving issues.

B. Application Forms
The application forms and instructions are availableEBHCTo access these
materials, @ to https://epicweb.ee.doe.goand select the appropriate funding
opportunity number(it is recommended to use the Google Chrome browser for
EPIC)

Note: The maximum file size that can be uploaded toER¢Gvebsite iSSOMB.
Files in excess 80MB cannot be uploaded, and hence cannot be submitted for
review. If a file exceedsOMB but is still within the maximum page limit specified
in the FOA, it must be broken into parts and denoted to that effect. Fomplex
TechnicalVolumePart_1

TechnicalVolumePart_2

C. Content and Form of the Concept Paper

To be eligible to submit a Full Application, applicants must submit a Concept Paper

by the specified due date and time.

I.  Concept Paper Content Requirements

EERE will not review or consider ineligible ConBeters (se&ection I1bf the
FOA).

Each Concept Paper must be limited to a single concept or technology. Unrelated

concepts and technologies should not be consolidated into a single Concept
Paper.

The Concept Paper must conform to the following content requirements:

Section Page Limit | Description

Cover Page Section | 1 page The cover page should include the project title, the specifig
maximum announcemenfTopic Area being addressé@élapplicable)
both the technical and business points of contact, names ¢
all team member organizations, and any statements regar
confidentiality.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav

Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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Technology 3 pages Applicants are required to describe succinctly:

Description maximum 1 The proposed technologincluding its basic
operating principles and how it is unique and
innovative;

f ¢KS LINRLIZAaSR (SOKy2f 234
performance (applicants should provide technical
data or other support to show how the proposed
target could be met);

1 The current stateof-the-art in the relevant field and
application, including key shortcomings, limitations
and challenges;

1 How the proposed technology will overcome the
shortcomings, limitations, and challenges in the
relevant field and application;

1 The potential impacttat the proposed project
would have on the relevant field and application;

1 The key technical risks/issues associated with the
proposed technology development plan; and

1 The impact that EERE funding would have on the
proposed project.

Addendum 1 page Applicants are required to describe succinctly the

maximum qualifications, experience, and capabilities of the proposed

Project Team, including:

1 Whether the Principal Investigator (PI) and Project
Team have the skill and expertise needed to
successfully executhe project plan;

1 Whether the applicant has prior experience which
demonstrates an ability to perform tasks of similar
risk and complexity;

1 Whether the applicant has worked together with its
teaming partners on prior projects or programs; an

1 Whether theapplicant has adequate access to
equipment and facilities necessary to accomplish t
effort and/or clearly explain how it intends to obtain
access to the necessary equipment and facilities.

1 Applicants may provide graphs, charts, or other da
to supplemen their Technology Description.

EERE makes an independent assessment of each Concept Paper based on the
criteria inSection V.A.of the FOAEERE will encourage a subset of applicants

to submit Full Applications. Other applicants will be discouraged from

adzo YAOGOGAY3I |+ Cdzf £ ! LI AOFGAZ2Yy ® 'y | LILIX ;
notification may still submit a Full Application. EERE will realkeligible Full

Applications. However, by discouraging the submission of a Full Application,

EERE intends to convey its lack of programmatic interest in the proposed

project in an effort to save the applicant the time and expense of preparing an
applicaton that is unlikely to be selected for award negotiations.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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EERE may include general comments provided from reviewers on an
F LILX AOFyidQa /2y OSLIG t I LISNI A ypodsieK& Sy O2 dzl
EPIGit the close of that phase.

D. Content and Form bthe Full Application
Applicants must submit a Full Application by the specified due date and time to be
considered for funding under this FOA. Applicants must complete the following
application forms found on thEPIQvebsite athttps://epicweb.ee.doe.goyin
accordance with the instruction@® is recommended to use the Google Gime
browser for EPIC

Applicantswill have approximately 30 days from receipt of the Concept Paper
Encourage/Discourage notificatiam EPIQo prepare and submit a Full
Application. Regardless of the date the applicant receives the
Encourage/Discourage notification, the submission deadline for the Full
Application remains the date and time stated on the FOA cover page.

All FullApplication documents must be marked with the Control Number issued to

the applicant! LILJ A Ol yGa Attt NBOSAGS I O2y NPT
[ 2y OSLII t I LERPNEAN $hdald in@lude that/control number in the file

name of their Full Aplication submission (i.eGontrol number_Applicant

Name_Full Applicatign

I.  Full Application ContenRequirements
EERE will not review or consider ineligible Full ApplicateeeSection Illof the
FOA).

Each Full Application shall be limited tsiagle concept or technology.
Unrelated concepts and technologies shall not be consolidated in a single Full
Application.Full Applications must conform to the following requirements:

Topic AreadlA 1B, 2A, 2B, 3A, and 3B

Component File Format P_age
Limit

Technical Volume PDF 15
Resumes PDF 1
Letters of Commitment PDF 1
Statement of Project Objectives MS Word 10
SF424
Budget JustificationVorkbook
SummaryAbstractfor Public Releas¢ PDF 1
Summary Slide MS PowerPoint| 1

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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SulbrecipientBudget Justification

DOE Work Propostdr FFRDC, if PDF
applicable (se®OE O 412.1A,
Attachment 3

Authorization from cognizant PDF
Contracting Officer for FFRDC

SFLLL Disclosure of Lobbying PDF
Activities

Foreign Enties and Foreign Work | PDF
U.S. Manufacturing Plan PDF
Data Management Plan MS Word

Topic AreadA, 4B, and 4C

Component File Format P'ag_e
Limit

Technical Volume PDF 15
Resumes PDF 1
Letters of Commitment PDF 1
Statement of Project Objectives MS Word 10
SF424 PDF
Budget JustificatiolVorkbook
SummaryAbstractfor Public Releas¢ PDF 1
Summary Slide MS PowerPoint | 1

SulbrecipientBudget Justification
DOE Work Propostir FFRDC, if PDF
applicable (se®OE O 412.1A,

Attachment 3

Authorization from cognizant PDF
Contracting Officer for FFRDC

SFLLL Disclosure of Lobbying PDF
Activities

Foreign Enties and Foreign Work | PDF
Data Management Plan MS Word

Note: The maximum file size that can be uploaded to EiGQvebsite iSSOMB.

Files in excess 80MB cannot be uploaded, and hence cannot be submitted for
review. If a file exceedsOMB but is still within the maximum page limit specified
in the FOA it must be broken into parts and denoted to that effect. For example:

TechnicalVolume_Part_1
Technical/olume_Part_2

EERE will not accept late submissions that resulted from technical difficulties
due to uploading files that excee80MB.

Questions about this FO& bmit your questions through EPIQips://epicweb.ee.doe.gav
Problems wittEPIC Emaikereepichelpdesk@ee.doe.gduclude FOA name and number in subject line.
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